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The review emphasizes the actuality and importance of Marfan syndrome research worldwide. The hundred years old disease has
been described mainly by its skeletal, ocular and cardiovascular manifestations, and constitutional type. The underlying gene mutations have been discovered in 1991. The surgical treatment of aortic root dilatation and dissection using Dacron tube reconstruction in
emergency and prophylactic surgery has been published in 1955. Nowadays international foundations, database networks subjected
Marfan syndrome as a rare disease with privileged research programs. The clinical Ghent nosology of pleiotropic criteria is accepted
world-wide (1996). The research programs are focused on international proposals.
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Marfan syndrome (MFS), named after Antoine Marfan
who first described its skeletal disorders in a 5 years old
child (1896). It is a genetically inherited, autosomal dominant disease of the connective tissues, characterized by
multiorgan-system pleiotropism [1].
The most severe consequences of the disorder are the
cardiovascular complications. The dilatation and dissection of the proximal aorta occurs in 75-80% of the cases,
which unpredictably may lead to parietal rupture and sudden death [2, 3].
MFS exposes the individual to medical, emotional, financial and social stress; all of these factors are reflected
in everyday activities and quality of life [8]. The progression of the untreated disease is catastrophic; 50% of these
patients die before getting emergency care, the mortality
rates being around 75-80% per week. Children and young
adults are the most affected age groups. Life expectancy of
untreated Marfan syndrome is 32 years [4].
Based on demographic statistical data the incidence of
MFS is estimated to 1-2 cases / 100,000 individuals yearly.
The prevalence, calculated by extrapolated statistical analysis (with limited relevance), is 2000 cases / 10 million individuals [5, 6].
The WHO ranked the MFS as a RARE DISEASE, and
granted a scientific research program for the years of 20082013, emphasizing the research of the genetic, therapeutic,
epidemiological and social aspects of the disease.
In the first decade of the last century the goal was the
description of the genotype involved with the phenotype,
mainly with the skeletal, ocular, cardiovascular (1943)
manifestations, and dominant inheritance (1931).
In 1955 McKusick [7] established that the cardiovascular complications of MFS are connective tissue inherited
disorders.
The MFS’s associated gene mutation was discovered and
indentified by Dietz in 1991 [9], the Fibrillin1 (FBN1)
mapping in chromosome 15q21. The gene mutations re-

sult in disintegration of elastic fibers in the aortic media,
mucinous degradation and potential dilatation, cleavage
and rupture of the weakened aortic wall, interacting with
hemodynamic wall stresses.
Developmental molecular biology demonstrated about
600 mutations of the FBN1 gene, where the possible complications cannot be prevented, of 25% resulting “de novo
mutations” [10, 11, 12, 13].
The FBN1 is regulated, activated and signaled by
Transforming Growth Factor beta receptor genes. The
overexpression of these genes increases the mutated FBN1
genes and increases the severity of the elastofibbrillolitic
processes in the aortic wall.
In 1991 Dietz [10] developed the “knock-in mouse”
(“Marfan mouse model”), in which the pathophysiological
mechanism of aortic dilatation is caused by the extensive
TGF beta receptor 1 signaling. Potentially the regulation
with pharmaceutical drugs, the extracellular matrix signals
regulation effects to inhibit the elastic fiber fragmentation
in the ascending aorta.
Under experimental conditions, beta blockers and angiotensin II receptor blockers had a beneficial effect on the
evolution of ascending aorta aneurysms. The clinical prophylactic pharmacotherapy of aortic dilatation in Marfan
syndrome is supposed to decrease, but not block the rate of
dilatation. There is no available data regarding the effect of
long term use on dilated aortic root remission.
The crucial turning point in cardiovascular complications of the MFS is the successful aortic surgical strategy,
which is mandatory for survival. The pioneer of aortic
replacement techniques was Michael F. DeBakey (19082008) who developed the impregnated woven Dacron
graft, in 1955 being the first to publish about its usage in
replacement surgery in an aortic root dissection case [14].
A historical coincidence: the oldest famous survivor of a
self-diagnosed aortic dissection in 2006 was BE DeBakey
who at the age of 97 by the time underwent surgery using
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the technique described by him, i.e. Dacron tube aortic
reconstitution.
Decades of aortic root surgery involved many technical and tactical challenges, hypothermia and selective brain
protection, and conditions requiring lifelong follow-up,
management and care [14].
The paramount procedure for ascending aorta dilatation and dissection is the Bentall and Bono tubular valve
(St. Jude mechanical valve) Dacron reconstruction technique, validating its efficiency and durability in the treatment of MFS with a four decade experience (1968) [15].
The emergency operations are the only way for survival
in acute aortic dissections. The surgical mortality decreased
from 72% (in 1972) to about 10% (in 2009) [16].
Prophylactic, elective surgery with reconstruction of
the ascending aorta before imminent rupture has a mortality rate between 0% and 2%.
The prognosis of operated MFS patients with a regular follow-up control and management is good, increasing
their potential life-expectancy to the population average of
70-74 years (2009) [17].
The MFS literature is almost endless, the scientific articles, fundamental and clinical results prove the actuality
of the syndrome. Presentations, database summarizations,
analyses and meta-analyses, as well as the representative
task force guidelines make appropriate conclusions [18,
19, 20, 21, 22]. The consensual nature of MFS research
has a national and worldwide advantage.
Actually, two important factors enforced the international aspect of MFS: the informative, database and organization networks, and the worldwide accepted MFS
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nosology as clinical diagnostic classification, based on pleiotropism criteria.
The international MFS study structures:
ff ISMS

(International Symposium on MFS) organized
2-3 yearly meetings in the form of itinerary sessions.
The 1st was in 1988 (Baltimore, USA), 8th in 2010
(Warrenton, Virginia, USA)
ff IFMSO (International Federation of Marfan Syndrome Organizations), founded in 1992 at the 2nd ISMS
(San Francisco, USA) [23]
ff IRAD (International Registry of Acute Aortic Dissections, 1996) summarized the data of representative
centers of 20 countries in a common database with
analyses, demographics, conclusions and statistical
evaluations.
ff EMSN (European Marfan Support Network), a coalition of support organizations for people with MFS and
related disorders.
ff EURODIS (European Rare Disease Organization)
ff Ophornet: a database promoting the optimal preventive and treatment of rare diseases; affiliated countries:
HU, RO
ff NMF (National Marfan Foundation), nonprofit, with
country-specific research and help programs.
ff GSNW (International Genetic Support Network)
ff GARD (Genetic and Rare Disease Information Center).
The international constellations stipulate a universally accepted clinical nosological coding for the diagnosis of MFS.

Table I. The Ghent nosology criteria
Organ system

Major criteria

Minor criteria

Skeletal system:
(affected in 95%)

In case of the presence of four concomitant manifestations:
–– pectus carinatum
–– pectus excavatum
–– reduced segment ratio
–– wrist and thumb signs
–– scoliosis > 20°
–– spondylolisthesis
–– reduced elbow extension
–– protrusio acetabuli

–– moderate pectus excavatum
–– joint hypermobility
–– gothic palate with jamming teeth
–– facial discrepance:
* dolichocephaly
* retrognathia
* enophthalmus,
* malar hypoplasia
* slating palpebral fissures

Ocular system:
(affected in 18%)

–– ectopia lentis (subluxation)

–– flat cornea (keratometria)
–– axialis elongation of bulbus
–– hypoplastic iris / ciliary muscle (reduced myosis)

Cardiovascular system:
(affected in 68–77%)

–– dilatation of ascending aorta ( with
–– involvement of the sinus Valsalvae) ±regurgitation
–– disseciton (tear) of the ascendant aorta

–– mitral prolapse ± regurgitation
–– dilatation of main pulmonary artery without valvular disease
peripheral pulmonary stenosis or other evident cause < 40
years
–– mitral anulus calcification < 40 years
–– dilatation or dissection of the descendent aorta < 50 years

Pulmonary system:
(affected in 1–5%)

–– spontaneous PTX
–– pulmonary apical blebs
–– striae, stretch-marks (without weight gain, pregnancy or
enforcement)
–– recurring incision hernias

Skin and connective
tissue underneath:
CNS (Dura):

–– lumbosacral dura ectasia

Family anamnesis/genetic
contribution:

–– diagnosed MFS at direct family member (parent, child)
–– known presence of FBN1 mutation
–– presence of haplotype around FBN1 inherited by descent and
unequivocally associated with diagnosed MFS in the family
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The diagnosis is based on the involvement of pleiotropic
organ-system manifestations and considers phenotypebased signs and family history (if individual genetic screening is not accessible).
The criteria of clinical diagnosis are supported by genetic investigations (with clinico-genetic value). The major
criteria are highly specific of MFS, the minor ones are only
partly representative.
ff The Berlin nosological criteria (1986) [25] was incomplete, and missed or excluded about 20% of Marfan
patients.
ff The revised Ghent criteria (University of Ghent, Belgium) by De Paepe et al. (1996) concretized in stringent nosological criteria, and were based on the six
organ system’s objective manifestations. It had a 96%
value to include or exclude MFS without family history and genetic contributions, asserting the MFS diagnosis based on two major and 1–2 minor criteria [26,
27].
ff The Loeys simplification (2010) of the Ghent nosology considers that in absence of family history, the
aortic root aneurismal dilatation and ectopia lentis are
the cardinal clinical features, and these two are unequivocal for the clinical diagnosis of MFS [28].
Table I lists the Ghent six organ-system major and minor
criteria. Some of these manifestations occur only in adults,
thus they are less apparent in children.
Genetic studies of Marfan-like disorders demonstrated
that they arise from new mutations of fibrillin 1 and transforming growth factor beta receptor I, II genes, mapped
on different chromosomes, were only partially detected.
The common characteristics of MFS and related disorders
are the autosomal dominancy, and overlapping signs and
characteristics, as Marfanoid habitus, skeletal manifestations and possible aortic root dilatation, with potential for
parietal rupture. In urgent surgery differential diagnosis is
not always necessary, because the management and surgical
procedures are the same [29, 30, 31]. The rate of aortic dissection in Marfan related disorders is 3-17%. The following
syndromes are of relative interest in MFS pathology:
ff Loyes-Dietz syndrome (LDS), type I and III
ff Ehlers-Danlos syndrome (EDS) (cutis laxa)
ff Stickler syndrome (SS) (arthro-ophtalmopathy)
ff Beals syndrome (CCA) (Congenital contractural arachnodactyly)
ff Shprintzen-Goldberg syndrome (SGS) (familial craniosynostosis)
ff Familial Thoracic Aortic Dissection (TAAD)
ff MASS: Mitral valve-Aorta-Skin-Skeletal phenotype
Presently, the MFS is a priority for clinical and fundamental
research, and focused national and transnational advices:
ff Proper communication between patients, family,
healthcare community, medical professionals, education, public relations

ff Encounter

the main areas of research: clinical-genetic,
therapeutic, epidemiological and social.
ff Share information about MFS worldwide and facilitate
communication among medical professionals, research
centers and researchers.
ff Multi-department workgroups for prophylactic therapy of progression of aortic root dilatation.
The hundred years of research had a supreme result, the
increased life expectancy in Marfan syndrome.
References
1. Marfan AB - Un cas de deformation congenitale des quatre membres, plue
prononcee aux extremities, caracterisee par l’allongement des os avec un
certain degre d’amincissement, Bul Sco Chir Paris, 1896, 13:220-225.
2. Judge DP, Dietz HC - Marfan syndrome, Lancet, 2005, 366:1965-1976.
3. Hagan PG, Nienaber CA, Isselbacher EM et al. - The International Registry
of Acute Aortic Dissection (IRAD): new insights into an old disease, JAMA,
2000, 283(7):897-903.
4. Jonker FH, Schlosser FJ, Indes JF et al - Management of type A aortic
dissections: a meta-analysis of the literature, Ann Thorac Surg, 2010,
89(6):2061-2066.
5. Statistics about Marfan syndrome, http://www.wrongdiagnosis.com/m/
marfan_syndrome/stats.htm
6. De Bie S, De Paepe A, Delvaux I et al. - Marfan syndrome in Europe,
Community Genet, 2004, 7:216-225.
7. Mc Kusick VA - The cardiovascular aspects of Marfan’s syndrome: a
heritable disorder of connective tissue, Circulation, 1955, 11:321–342.
8. Fusar-Poli P, Klersy C, Stramesi F et al. - Determinants of quality of life in
Marfan syndrome, Psychosomatics, 2008, 49(3):243-248.
9. Dietz HC, Cutting GR, Pyeritz RE - Marfan syndrome caused by a
recurrent de novo missense mutation in the fibrillin gene, Nature, 1991,
352:337-339.
10. Dietz HC, Loeys B, Carta L, Ramirez F - Recent progress towards a
molecular understanding of Marfan syndrome, Am J Med Genet Semin
Med Genet, 2005, 139:4-9.
11. Faivre L, Masurel-Paulet A, Collod-Béroud G et al. - Clinical and Molecular
Study of 320 Children With Marfan Syndrome and Related Type I
Fibrillinopathies in a Series of 1009 Probands With Pathogenic FBN1
Mutations, Pediatrics, 2009, 123:391-398.
12. Mizuguchi T and Matsumoto N - Recent progress in genetics of Marfan
syndrome and Marfan-associated disorders, J Hum Genet, 2007, 52:1–
12.
13. Ramirez F, Dietz HC - Marfan syndrome: from molecular pathogenesis to
clinical treatment, Curr Opin Genet Dev, 2007, 17: 252-258.
14. DeBakey ME, Colley DA, Creech O - Surgical considerations of dissection
aneurysm of the aorta, Ann Surg, 1955, 142:586-612.
15. Bentall H, De Bono A - A technique for complete replacement of the
ascending aorta, Thorax, 1968, 23:338–339.
16. Cameron DE, Alejo DE, Patel ND - Aortic root replacement in 372 Marfan
patients: evolution of operative repair over 30 years, Ann Thorac Surg,
2009, 87:1344-1349.
17. Pieritz RE - Marfan syndrome: 30 years of research equals of additional life
expectancy, Heart, 95:173-175.
18. ACCF/AHA/AATS/ACR/ASA/SCA/STS/SIR/SVM - Guidelines for the
diagnosis and management of patients with thoracic aortic disease, J Am
Coll Cardiol, 2010, 55:27-29.
19. Tsai TT, Trimarchi S, Nienaber CA - Acute aortic dissection: perspectives
from the International Registry of Acute Aortic Dissection (IRAD), Eur J V
Endovasc Surg, 2009, 37:149-159.
20. Evangelista A - Insights from the International Registry of Acute Aortic
Dissection – What Have We Learned? Eur Cardiol, 2008, 111:1063-1070.
21. Pearson GD, MD, Devereux R, Loeys B et al. - Report of the National
Heart, Lung, and Blood Institute and National Marfan Foundation
Working Group on Research in Marfan Syndrome and Related Disorders,
Circulation, 2008, 118:785-791.
22. Nienaber CA, Eagle KA - Aortic dissection: new frontiers in diagnosis and
management I - II, Circulation, 2003, 108:628-635, 772-778.
23. Pieritz RE, Francke U - The second international symposium on the
Marfan syndrome, Am J Med Gen, 1993, 47:127-135.
24. Hassan M, Carvalho EM, Macedo FI - Paradigm Change in the
Management of Patients with Acute Type A Aortic Dissection Who Had
Prior Cardiac Surgery, 2010, 25:387-389

Marfan Syndrome: the Nowadays of a Century-old Disease

25. Beighton P, de Paepe A, Danks D et al. - International nosology of heritable
disorders of connective tissue, Berlin, 1986, Am J Med Genet, 1988,
29:581-594
26. De Paepe A, Devereux RB, Dietz HC et al. - Revised diagnostic criteria for
the Marfan syndrome. Am J Med Genet. 1996, 62:417-26.
27. Rose PS, Levy HP, Ahn NU et al. - A comparison of the Berlin and Ghent
nosologies and the influence of dural ectasia in the diagnosis of Marfan
syndrome. Genet Med, 2000, 2:278-82

263

28. Loeys BL, Dietz HC, Braverman AC - The revised Ghent nosology for the
Marfan syndrome, J Med Genet, 2010, 47:476-485
29. Pieritz RE - A small molecule for a large disease. N Engl J Med, 2008,
358:2829-2831
30. Pieritz RE - Marfan syndrome and related disorders. Am Thorac Surg,
2008, 88:335-336
31. Svensson LG, Blackstone EH, Feng J, et al. - Are Marfan syndrome and
marfanoid patients distinguishable on long-term follow-up? Ann Thorac
Surg. 2007, 83:1067-1074.

