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Marfan syndrome is a variable, autosomal dominant connective tissue disorder, affecting

mainly the cardiovascular system, eyes, and skeleton. The incidence is approximately 1 in

9800, and around 26% of cases have no family history, the condition resulting from a new

mutation.1 Characteristic features include progressive aortic dilatation associated with aortic valve

incompetence, mitral valve prolapse and incompetence, lens dislocation and myopia, and a tall and

thin body (fig 1) with long limbs, arachnodactyly, pectus deformities, and sometimes scoliosis.

Further less specific features are often detectable in the clinic, such as a high palate with dental

crowding, and skin striae distensae, and other characteristic findings may be sought by radiologi-

cal imaging, such as protrusio acetabulae and dural ectasia. A history of recurrent pneumothorax

may be found in some cases. The clinical features have been codified into the so-called Ghent diag-

nostic nosology,2 as the clinical variability of the condition can otherwise make diagnosis difficult.

Life expectancy is primarily determined by the severity of cardiovascular involvement, and has

improved substantially in the past 30 years as a result of improved medical and surgical manage-

ment. In particular, β blockade reduces the rate of aortic dilatation in some patients, and, perhaps

not surprisingly, the outcome of prophylactic aortic root surgery has been shown in several recent

series to be superior to that of emergency surgery for dissecting aneurysm. The timing of prophy-

lactic surgical intervention depends on a number of factors including the aortic diameter and its

rate of dilatation, implying a need for regular aortic root surveillance. The optimal management of

Marfan patients may therefore require lifelong medical treatment, and lifelong aortic surveillance

with a view to potential aortic root surgery, representing a major commitment for patient and doc-

tor alike. At the same time, a diagnosis of Marfan syndrome may have serious social consequences

for the patient, in terms of lifestyle, employment, and insurance.

Marfan syndrome almost always results from mutation in the fibrillin 1 gene on chromosome

15,3 although in one family the disease was linked to an unknown gene on chromosome 3.

Molecular testing for Marfan syndrome has proved less useful than was hoped for two main

reasons. Firstly, very few fibrillin 1 mutations have been observed more than once, so the detection

of a mutation yields little prognostic information beyond that available from the patient’s own

family history. Secondly, fibrillin 1 mutations have also been detected in Marfan related disorders

whose cardiovascular involvement is milder or non-existent. These include MASS syndrome, a dis-

order with some Marfan-like features (myopia, mitral valve prolapse, aortic dilatation, skin

involvement, skeletal involvement) but mild and apparently stable aortic dilatation, and isolated

ectopia lentis.4 The importance of a careful clinical assessment and accurate clinical diagnosis can-

not therefore be overstated, if appropriate targeting of medical and surgical resources in Marfan

patients is to be achieved. In this article, I will review current approaches to diagnosis of Marfan

syndrome and cardiovascular management.

c MAKING THE DIAGNOSIS OF MARFAN SYNDROME

Much effort has been expended over the years in devising agreed diagnostic criteria for Marfan

syndrome. The currently accepted criteria, known as the Ghent nosology,2 were defined in 1996 as

a revision of the earlier Berlin criteria of 1988. In the Ghent nosology, clinical features in the skel-

etal, ocular, cardiovascular, pulmonary, and integumentary systems are used to define either a

major criterion or only involvement of a particular organ system (table 1). The dura and the genetic

findings count as two further systems, with lumbosacral dural ectasia on imaging studies, and

aspects of the family history or genetic testing being classified as a major criterion in each respec-

tively. A diagnosis of Marfan syndrome requires, as a minimum, a major criterion in two systems

and involvement of a third.

In the skeletal system, arachnodactyly may be assessed (fig 2) using the Steinberg thumb sign

(the entire thumbnail projects beyond the ulnar border of the hand) and the Walker-Murdoch

wrist sign (the thumb and fifth finger overlap around the wrist). An upper to lower segment ratio

in an adult of less than 0.86, or a span to height ratio of greater than 1.05, are objective measures

of a marfanoid body habitus. The lower segment is measured as the distance from the symphysis
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pubis to the floor, and the upper segment calculated by

subtracting this distance from the height. One of the eight

major skeletal features in the Ghent nosology (four must be

present for the skeletal system to contribute a major criterion)

is protrusio acetabulae, detected by pelvic x ray. To avoid

unnecessary x ray exposure, this investigation should only be

undertaken when a positive finding would make the diagno-

sis of Marfan syndrome under the Ghent nosology. Lumbosac-

ral magnetic resonance imaging (MRI) scanning for dural

ectasia should be considered in similar circumstances.

In the ocular system, only lens dislocation is regarded as a

major criterion, other less specific findings such as myopia

being regarded as eye involvement.

Aortic dilatation or dissection are the major criteria in the

cardiovascular system. Aortic diameter should be measured by

transthoracic echocardiogram at the sinuses of Valsalva (fig 3)

and related to normal values based on age and body surface

area (BSA).2 5 The risk of aortic dissection rises as the aortic

root diameter increases.6 Other imaging techniques such as

transoesophageal echocardiography, MRI or computed tomo-

graphic scanning (fig 4) may be helpful in some cases.

Many Marfan features such as echocardiographic

findings,7 ectopia lentis, scoliosis, upper to lower segment

ratio, and protrusio acetabulae are age dependent in their

occurrence.8 For younger patients with a family history of

Marfan syndrome who do not fulfil the diagnostic criteria, and

for younger Marfan-like patients with no family history who

only fail to meet the diagnostic criteria by one system, repeat

evaluations should be considered until age 18 (see box). This

is to avoid missing the evolving diagnosis, while not

stigmatising children and adolescents who may be unaffected.

From the foregoing discussion, it can be seen that initial

evaluation of patients with possible Marfan syndrome

requires a multidisciplinary approach involving clinical genet-

ics, cardiology, ophthalmology, and radiology.

DIFFERENTIAL DIAGNOSIS
There are a number of disorders with similar features to Mar-

fan syndrome, but some can be easily distinguished by their

Table 1 Ghent diagnostic nosology

System Major criterion Involvement

Skeletal At least 4 of the following features: 2 of the major features, or 1 major feature and 2 of the following:
c pectus carinatum c pectus excavatum
c pectus excavatum requiring surgery c joint hypermobility
c ULSR < 0.86 or span:height >1.05 c high palate with dental crowding
c wrist and thumb signs c characteristic face
c scoliosis > 20° or spondylolisthesis
c reduced elbow extension (<170°)
c pes plenus
c protrusio acetabulae

Ocular Lens dislocation (ectopia lentis) Flat cornea
Increased axial length of globe (causing myopia)
Hypoplastic iris or ciliary muscle (causing decreased miosis)

Cardiovascular Dilatation of the aortic root Mitral valve prolapse
Dissection of the ascending aorta Dilatation of the pulmonary artery, below age 40

Calcified mitral annulus, below age 40
Other dilatation or dissection of the aorta

Pulmonary None Spontaneous pneumothorax
Apical blebs

Skin/integument None Striae atrophicae
Recurrent or incisional hernia

Dura Lumbosacral dural ectasia None

Genetic findings Parent, child or sibling meets these criteria independently None
Fibrillin 1 mutation known to cause Marfan syndrome
Inheritance of DNA marker haplotype linked to Marfan
syndrome in the family

Having one of the features listed constitutes a major criterion or system involvement for all systems except the skeletal system, where more than one feature
is needed.
ULSR, upper to lower segment ratio

Figure 1 Patient with Marfan
syndrome. Note aesthenic or
marfanoid body habitus,
pronounced myopia (thick
glasses), previous thoracic
surgery (composite aortic
root/aortic valve replacement).
Residual evidence of pectus
carinatum can be seen.
Photograph reproduced with
patient’s permission.
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other clinical features or by biochemical testing. Lujan-Fryns

syndrome is an unusual X-linked mental handicap disorder

with marfanoid features, while in the autosomal dominant

Shprintzen-Goldberg syndrome, craniosynostosis is also evi-

dent. Some Shprintzen-Goldberg cases have fibrillin 1

mutations, so this might be regarded as an unusual variant of

Marfan syndrome. Homocystinuria (autosomal recessive) is

characterised by raised urinary homocysteine excretion, while

in congenital contractural arachnodactyly or Beals syndrome

(autosomal dominant, associated with mutation in fibrillin 2)

joint contractures and ear anomalies are evident in addition to

a marfanoid appearance. In other disorders, the distinction

from Marfan syndrome is more difficult. The best known of

these is the MASS syndrome, which may be considered a

forme fruste of Marfan syndrome. The name is an acronym for

the clinical features (myopia, mitral valve prolapse, aortic dila-

tation, skin involvement, skeletal involvement), the skin and

skeletal features being similar to those seen in Marfan

syndrome, but less pronounced. The disorder may be

associated with fibrillin-1 mutation,3 4 but the aortic dilatation

is mild, and the risk of aortic aneurysm rupture seems low.

A condition of mitral valve prolapse with thoracic skeletal

anomalies (often pectus excavatum) but without other

Marfan features has also been described, and in one case a

fibrillin 1 mutation was found.4 Molecular investigation of this

disorder has not been widely undertaken, and it is not clear

whether it is truly distinct from MASS syndrome. Autosomal

dominant ectopia lentis may occur with Marfan-like skeletal

findings, fibrillin 1 mutation, but no cardiac involvement.

There are also forms of hereditary aortic aneurysm without

other Marfan features, which have been associated with as yet

unidentified genes on chromosomes 5 and 11. Other

hereditary connective tissue disorders, such as Ehlers-Danlos

syndrome and Stickler syndrome, may also cause confusion

because of their overlapping features. Skin laxity and easy

bruising are prominent in the Ehlers-Danlos syndrome while

myopia with retinal detachment but not ectopia lentis is a

feature of Stickler syndrome. Stickler syndrome patients also

have a distinctive facial appearance (midface hypoplasia), and

the condition is sometimes associated with cleft palate and

hearing loss.

CARDIOVASCULAR COMPLICATIONS IN MARFAN
SYNDROME
Cardiovascular complications of Marfan syndrome include

mitral valve prolapse and regurgitation, left ventricular dilata-

tion and cardiac failure, and pulmonary artery dilatation, but

aortic root dilatation is the most common cause of morbidity

and mortality. Aortic valve incompetence usually arises in the

context of a dilated aortic root, and the risk of aortic rupture

increases substantially when the diameter at the sinus of Val-

salva exceeds 5.5 cm.5 9 Myocardial infarction may occur if an

aortic root dissection occludes the coronary ostia. Marfan

syndrome mortality from complications of aortic root dilata-

tion has decreased (70% in 1972, 48% in 1995) and life

Figure 2 Arachnodactyly. (A) Steinberg thumb sign. Entire thumb
nail protrudes beyond ulnar border of hand. (B) Walker-Murdoch
wrist sign. Thumb and fifth finger can overlap around wrist. Both
signs must be present to diagnose arachnodactyly according to the
Ghent Marfan diagnostic criteria.

Assessment of a patient with possible Marfan
syndrome

c The diagnosis should be based on the Ghent diagnostic
nosology

c The initial assessment should include a personal history,
detailed family history, and clinical examination including
ophthalmology examination and transthoracic echocardio-
gram

c The aortic diameter at the sinus of Valsalva (fig 3) should be
related to normal values based on age and body surface
area

c The development of scoliosis and protrusio acetabulae is
age dependent, commonly occurring following periods of
rapid growth. Radiographic examination for these features
is indicated, depending on age, if a positive finding would
make the diagnosis of Marfan syndrome

c A pelvic MRI scan to detect dural ectasia is indicated if a
positive finding would make the diagnosis of Marfan
syndrome

c Younger patients with suspected Marfan syndrome, who do
not fulfil the Ghent diagnostic criteria, should be offered
repeat clinical evaluations pre-school, before puberty, and
at age 18, if they fall into one of the groups below.
Additional evaluations may be clinically indicated around
puberty:
(1) Children or adolescents with a positive family history in

whom DNA testing is not possible
(2) Children or adolescents with no family history, who fall

short of fulfilling the diagnostic criteria by one system
only.

Figure 3 Diagram of the aortic root as seen at echocardiography.
The aortic diameter may be measured at the aortic annulus (1), the
sinuses of Valsalva (2), the supra-aortic ridge (3), and the proximal
ascending aorta (4). In Marfan syndrome, dilatation usually starts at
the sinuses of Valsalva, so this measurement is critical in monitoring
the early evolution of the condition. Diameters must be related to
normal values for age and body surface area. After Roman et al,
Ann Intern Med 1987;106:800–7, with permission.
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expectancy has increased (mean (SD) age at death 32 (16)

years in 1972 versus 45 (17) years in 1998),1 associated with

increased medical and surgical intervention. Risk factors for

aortic dissection include increased aortic diameter, extent of

aortic dilatation, rate of aortic dilatation, and family history of

aortic dissection.7 9

LABORATORY FINDINGS
Histologically, the Marfan aorta is characterised by elastic

fibre fragmentation and disarray, paucity of smooth muscle

cells, and deposition of collagen and mucopolysaccharide

between the cells of the media. These appearances are

sometimes described as “cystic medial degeneration” al-

though there are no true cysts present. Mucopolysaccharide

deposition in the valves may cause valve leaflet thickening.

The molecular basis for these changes is abnormality of fibril-

lin, an important component of the elastic microfibril. Fibril-

lin is a 350 kD glycoprotein, synthesised as a 375 kD precursor

which is processed and secreted into the matrix. It is encoded

by the fibrillin 1 gene which maps to chromosome 15q21.1.

Mutation in another fibrillin gene (fibrillin 2, mapping to

chromosome 5q23–31) causes Beals syndrome. With current

techniques, fibrillin 1 mutations can be detected in about 66%

of Marfan patients, diagnosed by the Ghent nosology.4 Most

mutations are missense, suggesting that the phenotype is

Figure 4 (A) Parasagittal breath hold T1 magnetic resonance (MR) image showing pronounced dilatation of the aortic root with slight
dilatation of the descending aorta in a young adult with Marfan syndrome. Line 1 represents the diameter at the sinuses of Valsalva.
(B) Parasagittal cine MR angiogram showing dilated aortic root but with normal upper ascending arch and descending aorta in a young adult.
(C) Axial computed tomographic (CT) scan at T7 of a Marfan patient showing dilated ascending and descending aorta with dissection flap
anteriorly in the descending aorta and previous surgery to the ascending aorta. (D) Parasagittal reformatted CT of chest and abdomen in the
same patient with contrast showing dilatation of the whole of the aorta with a spiral dissection from the arch through to the lower abdominal
aorta. MR and CT images courtesy of Professor J Weir, Department of Radiology, Grampian University Hospitals NHS Trust.
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usually cause by a dominant negative effect of the mutant

gene product on microfibrillar assembly. Some nonsense and

frameshift mutations are also seen, suggesting that reduced

amount of fibrillin (haploinsufficiency) can also cause Marfan

syndrome. Wide variability in severity has been documented

with different mutations, even in the same codon, causing

either severe neonatal Marfan syndrome or classical adult

Marfan syndrome. Similarly, mutations in the central region

of the gene (exons 24–32), sometimes called the “neonatal

region”, may be associated with phenotypes ranging from

severe neonatal Marfan syndrome to isolated ectopia lentis.

PATHOPHYSIOLOGY AND MEDICAL MANAGEMENT
The pathophysiological consequence of the elastic fibre

degeneration seen in the Marfan aorta is reduced distensibil-

ity in response to the pulse pressure wave or increased

stiffness, and this can be detected at any age by

echocardiography10 or gated MRI scanning, although it is less

pronounced in children. This abnormal aortic compliance is

associated with an increased pulse wave velocity. The normal

aorta dilates gradually with age, and becomes stiffer, but these

changes are more notable at any age in Marfan syndrome. In

the early 1970s, it was suggested that reduction of the systolic

ejection impulse (dP/dt, the rate of change of central arterial

pressure with time) using β blocker treatment might reduce

the risk of aortic dissection in Marfan syndrome.7 Studies in

turkeys prone to aortic dissection had shown improved

survival following treatment with propranolol. A randomised

trial of propranolol treatment in 70 adolescent and young

adult Marfan patients demonstrated a reduced rate of aortic

dilatation and fewer aortic complications in the treatment

group, although some patients seemed to respond better than

others.7 A retrospective historically controlled trial of pro-

pranolol or atenolol treatment in 113 patients found similar

effects.11 Recent studies have shown that β blockade with pro-

pranolol, atenolol or metoprolol increases aortic distensibility,

and reduces aortic stiffness and pulse wave velocity9 12 13 in a

subgroup of Marfan patients, although in the “non-

responders” a minor deterioration in aortic distensibility was

seen, the clinical significance of which is unclear. Those who

responded to β blockade tended to have smaller aortic

diameters12 (< 4 cm in one study10), in keeping with other

studies suggesting that the reduction in rate of aortic

dilatation with β blockade is greatest in younger patients with

smaller aortas.7 11 These studies provide strong evidence that β
blockade should be considered in all Marfan patients, but par-

ticularly in the younger age group (see box).

Although remarkably few withdrawals because of side

effects were recorded in these studies, β blockers are not suit-

able for everyone—for example, patients with asthma, cardiac

failure or bradyarrhythmias. Other treatments aimed at

reducing the ejection impulse, such as calcium antagonists or

angiotensin converting enzyme (ACE) inhibitors, have been

suggested for such cases. Unfortunately, there are no reported

clinical trials to confirm the benefit or otherwise of these

drugs in Marfan syndrome. There may be theoretical reasons

to consider ACE inhibitors or angiotensin II receptor blockers

for future clinical study. Vascular smooth muscle cell apopto-

sis has been implicated in the cystic medial degeneration seen

in the Marfan aorta, and both types of drug have been shown

to inhibit vascular smooth muscle cell apoptosis in cultured

Marfan aortic media cells.14 In addition, one small study dem-

onstrated abnormal flow mediated vasodilation of the brachial

artery in Marfan patients, although agonist mediated vasodi-

lation was normal. This was attributed to abnormal endothe-

lial cell mechanotransduction associated with abnormal

fibrillin. This could lead to alternative molecular targets for

future pharmacological interventions. There is much scope for

further laboratory and clinical trial work in this area.

SURGICAL MANAGEMENT
Aortic root dilatation leading to aortic dissection and/or aortic

valve dysfunction usually occurs first at the sinus of Valsalva.5

There is general agreement, based on a number of comparative

studies, that there is a better outcome with early aortic root

surgery than with later or emergency surgery,9 15 and prophy-

lactic surgery is recommended when the diameter at the sinus

of Valsalva exceeds 5.5 cm in an adult2 9 and 5.0 cm in a child.

Other factors such as the rate of growth of the aortic diameter

and family history of aortic dissection may be taken into

account, and it may be that assessment of aortic distensibility

will become a useful prognostic indicator. Survival data also

show improved longevity of Marfan patients who undergo

prophylactic surgery, compared with their untreated

relatives.16 Not surprisingly, part of this is attributable to death

before reaching hospital in untreated patients with acute dis-

section. Until recently, the procedure of choice for most cardio-

thoracic surgeons would have been the Bentall composite

graft repair, in which both the aortic root and the aortic valve

are replaced. This procedure has a low operative mortality in

experienced hands, with long term survival of around 80% at

five years and 60% at 10 years.17 In 1979, Yacoub and colleagues

described a valve conserving (remodelling) technique which

therefore avoids the need for long term anticoagulants, and in

1992 David and Feindell described an alternative valve

conserving procedure in which the native aortic valve is

re-implanted in a Dacron tube (re-implantation technique).

Application of these methods in Marfan syndrome has been

controversial, as it has been suggested that further deteriora-

tion of the aortic valve leaflets will inevitably require reopera-

tion for valve replacement at a later date. Case series currently

being reported suggest that when use of these procedures is

restricted to cases where the aortic valve appears structurally

Cardiovascular management of Marfan syndrome

c β Blocker treatment should be considered in any Marfan
patient with aortic dilatation at any age, but prophylactic
treatment may be more effective in those with an aortic
diameter of < 4 cm

c Risk factors for aortic dissection in Marfan syndrome include
aortic diameter > 5 cm, aortic dilatation extending beyond
the sinus of Valsalva, rapid rate of aortic dilatation (> 5%
per year, or 2 mm/year in adults), and family history of aor-
tic dissection

c Marfan patients of all ages should be offered at least annual
evaluation with clinical history, examination, and transtho-
racic echocardiography. In children, serial transthoracic
echocardiography at 6–12 month intervals is recom-
mended, the frequency depending on the aortic diameter (in
relation to body surface area) and the rate of increase

c Marfan patients should be referred for prophylactic aortic
root surgery when the diameter at the sinus of Valsalva
exceeds 5.5 cm in an adult or 5.0 cm in a child

c Pregnant patients with Marfan syndrome are at increased
risk of aortic dissection if the aortic diameter exceeds 4 cm.
Such cases warrant frequent cardiovascular monitoring
throughout pregnancy and into the puerperium
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normal and valve incompetence is largely caused by annular

ectasia, the long term outcome is as good as the Bentall proce-

dure, without the hazards of anticoagulation.18 There is

certainly a case for considering this option for children (where

future growth is also a consideration), women, and in those in

whom anticoagulation may be hazardous. As Marfan patients

survive longer, reoperation for new aneurysms developing

elsewhere in the arterial tree are becoming common (for

example, see fig 4C,D)—in one series, 70% developed second

aneurysms requiring surgery.16 Partly for this reason, continu-

ation of long term β blockade after surgery is strongly recom-

mended in most Marfan centres.17 Marfan syndrome may also

affect the function of other heart valves and give rise to symp-

toms for which valve surgery may be indicated in children and

adults.2 For example, mitral valve replacement may be

required in up to 10% of those requiring aortic root surgery.16

CARDIOVASCULAR FOLLOW UP
It is clear that with the need for life long β blocker treatment,

the possible development of other medical therapies for those

who cannot tolerate β blockers, and the advantages of

prophylactic aortic root surgery based on the size and rate of

change of the aortic diameter, lifelong follow up is advisable

for Marfan patients. At least annual evaluation with clinical

history and examination and transthoracic echo-

cardiography5 is recommended, with additional assessments

as clinically indicated (see box). The rate of change of the aor-

tic diameter should clearly influence follow up intervals.

MARFAN SYNDROME AND PREGNANCY
The two major issues in pregnancy are the risk of cardiovas-

cular complications in an affected mother and the 50% risk of

transmission of Marfan syndrome to the fetus. The risk of

aortic dissection in pregnancy is increased, and may be caused

by inhibition of collagen and elastin deposition in the aorta by

oestrogen, and the hyperdynamic hypervolaemic circulatory

state of pregnancy. Gestational hypertension and pre-

eclampsia may increase the risk of aortic rupture. Most com-

plications occur in women with pre-existing cardiac disease.

In three recent studies, two retrospective and one prospective,

nine women in 83 (11%) had severe complications, mostly

aortic rupture, although endocarditis was also reported.

Cardiovascular complications appear more likely if the aortic

root is greater than 4 cm at the start of pregnancy, or dilates

rapidly.19 β Blockers should be continued throughout preg-

nancy. With regard to the risk of transmission of Marfan syn-

drome to the fetus, genetic counselling should be offered to

women of childbearing age with Marfan syndrome. Mutation

detection or linkage can be used for prenatal diagnosis in some

families if the parents wish, but fetal ultrasound scanning is

unreliable.

MARFAN SYNDROME AND SPORTS
The risks of sports in patients with Marfan syndrome depend

on which organ systems are involved and to what degree, in a

particular patient. Low to moderate activity levels have been

regarded as acceptable for Marfan patients. Contact sports

involving a likelihood of bodily collision (for example rugby,

high diving, equestrian events) may not be advisable, both

because of cardiovascular risks and because of the risk of

exacerbating lens dislocation. Patients who have undergone

aortic root or valve replacement, or both, will have more severe

restrictions, particularly if taking anticoagulants. Scuba diving

carries a risk of precipitating pneumothorax in Marfan

patients and should be avoided.

CONCLUSION
The investigation, management, and long term follow up of

patients with Marfan syndrome is complex and requires a

multidisciplinary approach. Although many studies have been

carried out into the delineation and management of Marfan

syndrome, the trials and case series generally involve relatively

few patients, the largest being in the hundreds. For those used

to evidence based clinical management based on trials of

thousands, this may present a difficulty, which has been

recognised in a recent discussion of evidence based manage-

ment of genetic conditions.20 Despite this, the outlook for

Marfan patients has improved dramatically since the 1970s,

and this should inspire further endeavours for Marfan

patients as there are many aetiological and management

issues still to be resolved.
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