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Introduction
Marfan syndrome (MFS) is 

an autosomal dominantly inherited 
disorder of the connective tissue 
caused by mutations of the FBN1 gene 
which is located on the chromosome 
15. FBN1 gene encodes the fibrillin 
1, a glycoprotein which is the major 
constitutive element of extracellular 
microfibrils and is essential for the 
formation of elastic fibres. Mutations in 
the FBN1 gene have been also linked 
to other clinical distinct entities: MASS 
(mitral valve – aorta – skeleton – skin) 
syndrome, familial ectopia lentis, Weill-
Marchesani type 2 syndrome, acromicric 
dysplasia, geleophysic dysplasia 2, stiff-
skin syndrome [1-3].

The clinical presentation of 
MFS is highly variable by multiorgan 
involvement affecting the skeleton 
(disproportionally long limbs, pectus 
deformities and scoliosis), the eyes (lens 
luxation), the cardiovascular system 
(aortic dilatation, mitral valve prolapse), 
the skin and the lungs. Diagnosis of MFS 
is based on revised Ghent criteria (Table 
I). Systemic score includes the following 
clinical features: wrist and thumb 
sign, pectus deformity, foot deformity, 
pneumothorax, ductal ectasia, protrusion 
acetabuli, increased arm span/height, 
reduced upper segment/lower segment 

ratio, scoliosis, kyphosis, reduced elbow 
extension, facial features, skin stria and 
mitral valve prolapse [1].

Cardiovascular manifestations
The myriad of cardiovascular 

involvement which includes distinct 
manifestations represents the major cause 
of morbidity and mortality and determines 
the life expectancy in MFS patients. The 
most common cardiac abnormalities 
are dilatation of the aorta and mitral 
regurgitation. In early childhood cardiac 
manifestations could be less severe. 

Aorta and the aortic valve
Progressive dilatation of 

the proximal aorta is a very severe 
manifestation because of risk of aortic 
dissection or fatal rupture and their 
prevalence is higher in males and adults 
(90%) comparing to children. Dilatation 
of the aortic sinus is most common but 
distal regions of the aorta and extra- 
aortic arteries can present aneurysms and 
dissection, too. Etiopathogenesis of the 
dilatation of the aorta is based on different 
embryologic origin of the vascular 
smooth muscular cells of the aortic root, 
increased activity of transforming growth 
factor-β (TGFβ) resulting in inflammation 
and fibrosis of the aorta and high blood 
pressure and continuous force from left 
ventricle torsion to the aortic root [4]. 
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Abstract
Marfan syndrome (MFS) is an autosomal dominant inherited disease of the 
connective tissue with multiorgan involvement (skeleton, cardiovascular, eyes, 
skin, lungs). Cardiovascular involvement is variable and represents the major cause 
of morbidity and mortality in Marfan syndrome. We provide a comprehensive 
description of cardiovascular manifestations in Marfan syndrome, genotype-
phenotype correlations and assessment of cardiovascular abnormalities and 
complications.
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Risk factors for aortic dissection in adults are as following: 
progressive aortic root dilatation and aortic root growth 
rate >5%/year or >2 mm/year, aortic dilatation >50 mm and 
family history of aortic dissection [5]. Aortic dilatation and 
mitral valve prolapse were found in patients with mutations 
eliminating a cysteine residue [2,3].

Annual imaging of the aorta is recommended, 
included echocardiography and computed tomography 
angiography or magnetic resonance angiography to assess 
the entirety of the aorta. In those patients with accelerated 
aortic root growth, current guidelines recommend the 
echocardiography twice a year or more frequent in with 
rapid growth phase in children [6]. Prophylactic surgery in 
children is considered in severe aortic insufficiency, aortic 
size Z score >2-3 or rapid growth in size of the aorta. In 
adults, prophylactic surgery is recommended for aortic root 
dilatation >4.5 cm or aortic diameter growth ≥0.5 cm/year 
[7]. The management of aortic disease in MFS requires 
treatment with β-blockers, calcium channel blockers, 
angiotensin type II receptor inhibitors and open surgical 
reconstruction [6,8]. Endovascular repair techniques may 
represent a useful adjunct or bridge therapy to open surgical 
therapy in selected patients [9]. Aortic regurgitation 
resulting from aortic root dilatation and/or myxomatous 
valvular degeneration is usually asymptomatic in early 
stages [4].

Mitral valve 
Mitral valve in MFS patients is thickened and 

elongated secondary to increased activity of TGF-β leading 
to degeneration of myxomatous tissue [10]. Mitral valve 
prolapse has a high prevalence (40-77%) which depends 
on age and is associated with skeletal deformities, ectopia 
lentis and dural ectasia [11,12]. The anterior leaflet prolapse 
is most common. Mitral regurgitation has variable severity 
and heart failure in left ventricle overload may therefore 
occur. 

Calcification of the mitral valve annulus has been 
reported more frequent than in normal individuals. Mitral 
regurgitation is associated with premature ventricular beats 
and non-sustained ventricular tachycardia.

Tricuspid valve
Tricuspid valve degeneration can lead to tricuspid 

valve thickening, prolapse and regurgitation.

Pulmonary artery
Dilatation of the root of the pulmonary artery have 

been reported in 54% to 69% of the patients with MFS. 
Pulmonary artery aneurysm may be also present [13,14].

Cardiomyopathy
Primary intrinsic dysfunction of the myocardium 

in MFS has been reported and consisted in increased 
left ventricle dimensions, mildly impaired left ventricle 
systolic and diastolic function. Advanced imaging 
techniques as tissue Doppler imaging, strain imaging and 
cardiac magnetic resonance provided additional evidence 
for myocardial involvement in MFS [15,16]. Pathogenesis 
of this cardiomyopathy is based on intrinsic factors as 
altered TGF-β signaling with secondary reduced amount 
and quality of the microfibrils and abnormal myocyte 
mechanosignaling leading to reduced elastic recoil and 
myocardial stretch and impaired muscle contractility. 
Regurgitant valvular disease, increased left ventricle 
afterload act as extrinsic factors leading to increased left 
ventricle pressure and left ventricle end-diastolic volume 
and myocardial damage [17]. 

Heart failure
Heart failure due to volume-overload is present in 

MFS with severe mitral regurgitation but there are patients 
who develop ventricular dysfunction independently 
[17,18]. 

Aortic branches abnormalities
Aortic branch vessels can be affected in MFS, 

tortuosity of the carotid, subclavian, vertebral and iliac 
artery is a quite common feature. Increased tortuosity of the 
vessels is considered a sign of more aggressive systemic 
disease.

Extra-aortic aneurysm and dissection is usually 
a consequence of aortic dissection, but isolated arterial 
aneurysm which can produce spontaneous dissection have 
been reported. Spontaneous coronary artery dissection and 
anomalous coronary artery have been described [18,19].

Arrhythmia
Patients with MFS have an elevated risk for 

arrhythmia (supraventricular and ventricular arrhythmia). 
Ventricular arrhythmia (premature ventricular ectopic 
beats and ventricular tachycardia) is the most frequent and 
can represent an important cause of death in addition with 

Table I. Revised Ghent criteria for diagnosis of MFS [1]. 

Family history of MFS present

Ao Z score ≥ 2 + EL = MFS
Ao Z score ≥ 2 + FBN1 mutation = MFS
Ao Z score ≥ 2 + systemic score > 7 points = MFS
EL + FBN1 mutation + known Ao = MFS

Family history of MFS absent EL + family history of MFS = MFS
Systemic score > 7 points + family history of MFS = MFS

Ao: aortic diameter at the sinuses of Valsalva above indicated Z score or aortic root dissection; EL: ectopia lentis; MFS: Marfan syndrome
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aortic dissection and heart failure [18]. Ventricular events 
were significantly more common in patients with mutations 
in exons 24-32 of the FBN1 gene [19]. The pathogenesis 
of arrhythmia in these cases is myocardial dysfunction 
which is multifactorial including valve regurgitation 
with myocardial stretch, increased aortic wall stiffness, 
prolonged atrio-ventricular conduction and altered 
depolarization [17,19].

Conclusions
Cardiac morbidity in patients with MFS is high and 

careful assessment and medical care is required.

References
1. Loeys B, Dietz HC, Braverman AC, Callewaert BL, De 

Backer J, Devereux RB, et al. The revised Ghent nosology 
for the Marfan syndrome. J Med Genet. 2010;47:476–485.

2. Stark V, Hensen F, Kutsche K, Kortüm F, Olfe J, Wiegand P, 
et al. Genotype-phenotype correlation in children: the impact 
of FBN1 variants on pediatric Marfan care. Genes (Basel). 
2020;11:799.

3. Faivre L, Collod-Beroud G, Loeys BL, Child A, Binquet 
C, Gautier E, et al. 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. Am J Hum Genet. 2007;81:454-466. 

4. Isekame Y, Gati S, Aragon-Martin JA, Bastiaenen R, 
Kondapally Seshasai SR, Child A. Cardiovascular 
management of adults with Marfan syndrome. Eur Cardiol. 
2016;11:102–110. 

5. Ammash NM, Sundt TM, Connolly HM. Marfan syndrome-
diagnosis and management. Curr Probl Cardiol. 2008;33:7–
39.

6. Stuart AG, Williams A. Marfan’s syndrome and the heart. 
Arch Dis Child. 2007;92:351-356. 

7. Böckler D, Meisenbacher K, Peters AS, Grond-Ginsbach C, 
Bischoff MS. Endovascular treatment of genetically linked 
aortic diseases. Gefasschirurgie. 2017;22(Suppl 1):1-7. 

8. Grygiel-Górniak B, Oduah MT, Olagunju A, Klokner M. 
Disorders of the aorta and aortic valve in connective tissue 
diseases. Curr Cardiol Rep. 2020;22:70.

9. Watermann AL, Feezor RJ, Lee A, Hess PJ, Beaver TM, 
Martin TD, et al. Endovascular treatment of acute and 
chronic aortic pathology in patients with Marfan syndrome. 
J Vasc Surg. 2012;55:1234-1240. 

10. Judge DP, Rouf R, Habashi J, Dietz H. Mitral valve disease 
in Marfan syndrome and related disorders. J Cardiovasc 
Transl Res. 2011;4:741–747. 

11. Détaint D, Faivre L, Collod-Beroud G, Child AH, Loeys 
BL, Binquet C, et al. Cardiovascular manifestations in 
men and women carrying a FBN1 mutation. Eur Heart J. 
2010;31:2223–2229. 

12. Rybczynski M, Mir TS, Sheikhzadeh S, Bernhardt AM, 
Schad C, Treede H, et al. Frequency and age-related course 
of mitral valve dysfunction in the Marfan syndrome. Am J 
Cardiol. 2010;106:1048–1053. 

13. Lundby R, Rand-Hendriksen S, Hald JK, Pripp AH, Smith 
HJ. The pulmonary artery in patients with Marfan syndrome: 
a cross-sectional study. Genet Med. 2012;14:922–927.

14. Sheikhzadeh S, De Backer J, Gorgan NR, Rybczynski M, 
Hillebrand M, Schüler H, et al. The main pulmonary artery 
in adults: a controlled multicenter study with assessment of 
echocardiographic reference values, and the frequency of 
dilatation and aneurysm in Marfan syndrome. Orphanet J 
Rare Dis. 2014;9:203. 

15. de Witte P, Aalberts J, Radonic T, Timmermans J, Scholte AJ, 
Zwinderman AH, et al. Intrinsic biventricular dysfunction in 
Marfan syndrome. Heart. 2011;97:2063–2068. 

16. Winther S, Williams LK, Keir M, Connelly KA, Bradley 
TJ, Rakowski H, et al. Cardiovascular Magnetic Resonance 
Provides Evidence of Abnormal Myocardial Strain and 
Primary Cardiomyopathy in Marfan syndrome. J Comput 
Assis Tomogr. 2019;43:410–415.

17. Demolder A, von Kodolitsch Y, Muiño-Mosquera l, De 
Backer J. Myocardial function, heart failure and arrhythmia 
in Marfan syndrome: a systematic literature review. 
Diagnostics (Basel). 2020;10:751.

18. von Kodolitsch Y, Demolder A, Girdauskas E, Kaemmerer H, 
Kornhuber K, Muino Mosquera L, et al. Features of Marfan 
syndrome not listed in the Ghent nosology - the dark side of 
the disease. Expert Rev Cardiovasc Ther. 2019;17:883-915.

19. Aydin A, Adsay BA, Sheikhzadeh S, Keyser B, Rybczynski 
M, Sondermann C, et al. Observational cohort study of 
ventricular arrhythmia in adults with Marfan syndrome 
caused by FBN1 mutations. PLoS One. 2013;8:e81281. 


