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INTRODUCTION 

Marfan syndrome (MS) was first described in 1896 by 

Antoine Marfan. Early diagnosis relied on clinical 

observation. The introduction of diagnostic criteria 

evolved from the Berlin nosology to the Ghent criteria 

(1996) and its revision in 2010. The revised Ghent 

nosology emphasizes aortic root dilation, ectopia 

lentis, and genetic testing, improving diagnostic 

specificity. Marfan syndrome is a systemic connective 

tissue disorder with an estimated prevalence of 1 in 

5,000–10,000 individuals worldwide. It is 

characterized by abnormalities in the cardiovascular, 

ocular, and musculoskeletal systems, with aortic 

aneurysm and dissection representing the most 

serious complications. The disorder demonstrates 

autosomal dominant inheritance with approximately 

75% familial transmission and 25% de novo 

mutations. The clinical presentation varies widely, 

ranging from mild phenotypes to severe neonatal 

forms, complicating diagnosis and management. With 

advances in genetic testing and imaging, early 

identification has significantly improved prognosis 

and life expectancy. 

2. Causes and Pathogenesis 

Marfan syndrome is caused primarily by mutations in 

the FBN1 gene, which encodes fibrillin-1, a key 

Marfan syndrome (MFS) is a hereditary connective tissue disorder primarily caused by mutations in the FBN1 gene, 

leading to abnormalities in extracellular microfibril formation and dysregulation of transforming growth factor-beta 

(TGF-β) signaling. The disorder exhibits autosomal dominant inheritance and presents with significant clinical 

variability, affecting the cardiovascular, skeletal, and ocular systems. Among these, cardiovascular complications 

such as aortic root dilation, aneurysm, and dissection represent the most life-threatening manifestations. Advances 

in diagnostic approaches, particularly the revised Ghent criteria, have improved diagnostic accuracy by integrating 

clinical features, imaging findings, and genetic testing. Imaging modalities such as echocardiography, magnetic 

resonance imaging, and computed tomography play a critical role in early detection and monitoring of disease 

progression. Genetic testing further enhances diagnostic precision, especially in atypical cases. Management 

strategies focus on preventing complications and improving survival. Pharmacological treatments, including beta-

blockers and angiotensin receptor blockers, reduce hemodynamic stress and modulate TGF-β signaling. Surgical 
interventions, particularly prophylactic aortic root replacement, are essential in high-risk patients. A multidisciplinary 

approach involving cardiology, genetics, ophthalmology, and orthopedics is crucial for optimal patient care. 

Emerging diagnostic tools such as next-generation sequencing and biomarker-based assessments, along with novel 

therapeutic strategies including gene therapy and targeted molecular treatments, hold promise for future disease 

management. Continued research into the molecular mechanisms of MFS is essential to transition from symptomatic 

treatment to disease-modifying therapies and to further improve patient outcomes. 
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structural component of extracellular microfibrils. 

These microfibrils contribute to tissue elasticity and 

structural integrity. Mutations lead to defective 

fibrillin-1 and impaired microfibril formation, 

resulting in weakened connective tissue. In addition 

to structural defects, fibrillin-1 regulates transforming 

growth factor-beta (TGF-β) signaling. Dysregulation 
of TGF-β contributes to abnormal tissue remodeling, 
vascular weakening, and progressive aortic dilation. 

More than 1000 pathogenic variants of FBN1 have 

been identified, including missense, nonsense, and 

splice-site mutations. The genotype–phenotype 

relationship remains complex, with limited predictive 

value for clinical severity. Other genes such as 

TGFBR1 and TGFBR2 may produce overlapping 

phenotypes, complicating differential diagnosis. 

3. Clinical Syndrome 

Marfan syndrome is a multisystem disorder with 

diverse clinical manifestations: 

• Cardiovascular system: Aortic root dilation, 

aneurysm, dissection, and mitral valve prolapse 

(Ha et al., 2007)  

• Skeletal system: Tall stature, long limbs 

(arachnodactyly), scoliosis, chest deformities 

(MedlinePlus Genetics, 2021)  

• Ocular system: Ectopia lentis (lens dislocation), 

myopia (MedlinePlus Genetics, 2021)  

Other systems such as pulmonary, skin, and nervous 

systems may also be involved (Salik et al., 2021). 

Clinical severity varies significantly even within the 

same family. 

Figure 1: Overview of the multisystem clinical manifestations of Marfan syndrome. 

The diagram illustrates the major organ systems 

affected, including cardiovascular complications 

(aortic root dilation, aneurysm/dissection, and mitral 

valve prolapse), skeletal abnormalities (tall stature, 

arachnodactyly, scoliosis, and joint hypermobility), 

ocular features (ectopia lentis, myopia, and increased 

risk of glaucoma and cataracts), and additional 

systemic involvement such as pulmonary 

(pneumothorax), integumentary (skin striae), and 

neurological manifestations (dural ectasia). It also 

highlights pregnancy-related considerations, 

including increased cardiovascular risk, need for 
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careful monitoring, and genetic counseling due to 

autosomal dominant inheritance. 

3. 4. Diagnosis 

The diagnosis of Marfan syndrome is based on a 

combination of clinical evaluation, imaging findings, 

and genetic analysis. The revised Ghent criteria 

provide a standardized framework that integrates 

major features such as aortic root dilation, ectopia 

lentis, and systemic manifestations, along with family 

history.  

Imaging techniques play a central role in diagnosis. 

Echocardiography is widely used to assess aortic 

dimensions and detect valvular abnormalities. 

Advanced imaging modalities such as magnetic 

resonance imaging (MRI) and computed tomography 

(CT) are valuable for evaluating aortic pathology, 

including aneurysms and dissections. Ophthalmologic 

examination using slit-lamp techniques is essential for 

identifying lens abnormalities. 

Genetic testing may assist in confirming the 

diagnosis, although it can be time-consuming and 

costly due to the large number of possible mutations. 

Differential diagnosis is important because several 

disorders share overlapping features. These include 

connective tissue disorders and conditions presenting 

with similar skeletal or ocular findings. Accurate 

differentiation relies on clinical features, imaging 

results, and, where necessary, biochemical or genetic 

testing. 

Table 1: Diagnosis of Marfan syndrome 

Diagnostic Method Details / Findings Purpose Reference 

Clinical 
Examination 

Assessment of skeletal features (tall 
stature, arachnodactyly, scoliosis) 

Initial suspicion 
and screening 

Pyeritz (2000); Judge 
and Dietz (2005) 

Family History Autosomal dominant inheritance 
pattern evaluation 

Identification of 
genetic risk 

Dean et al. (2007); 
Pyeritz (2000) 

Ghent Criteria 
(Revised) 

Combines aortic dilation, ectopia 
lentis, systemic score, and genetic 

findings 

Standard 
diagnostic 
framework 

Loeys et al. (2010); 
von Kodolitsch et al. 

(2015) 
Echocardiography Detects aortic root dilation, valve 

abnormalities 
Cardiovascular 

assessment 
Hiratzka et al. (2010); 
Roman et al. (1993) 

MRI / CT Imaging Visualization of aneurysm, 
dissection, vascular abnormalities 

Advanced 
imaging 

Ha et al. (2007); Groth 
et al. (2016) 

Ophthalmologic 
Examination 

Identification of ectopia lentis, 
myopia 

Ocular 
involvement 
assessment 

Silverman et al. 
(1995); Judge and 

Dietz (2005) 

Genetic Testing 
(FBN1) 

Detection of fibrillin-1 gene 
mutation 

Molecular 
confirmation 

Dietz et al. (1991); 
Ramirez et al. (1991) 

Systemic Score 
Evaluation 

Multisystem scoring (skeletal, 
ocular, cardiovascular) 

Diagnostic 
confirmation 

Loeys et al. (2010); 
Pepe et al. (2016) 

4.1 Differential Diagnoses of Marfan syndrome 

Several disorders must be considered when evaluating 

patients with features suggestive of Marfan syndrome. 

These include: 

• Homocystinuria, which presents with marfanoid 

features and lens dislocation but is distinguished 

by metabolic abnormalities and intellectual 

disability.  

• Ehlers–Danlos syndrome, characterized by joint 

hypermobility, skin elasticity, and vascular 

fragility due to collagen defects.  

• Loeys–Dietz syndrome, which involves 

aggressive vascular disease and distinctive 

craniofacial features, often without lens 

dislocation.  

• Familial thoracic aortic aneurysm syndromes, 

which primarily affect the aorta without systemic 

skeletal or ocular features.  
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• Stickler syndrome, associated with ocular 

abnormalities and facial features but lacking 

significant aortic involvement.  

• Congenital contractural arachnodactyly 

(Beals syndrome), which shares skeletal 

similarities but lacks major cardiovascular 

complications.  

• Klinefelter syndrome, which may exhibit a 

marfanoid habitus but is associated with 

endocrine abnormalities.  

4.2 Pathogenesis 

The molecular basis of Marfan syndrome primarily 

involves mutations in the FBN1 gene, which encodes 

fibrillin-1, a key component of the extracellular 

matrix. These mutations disrupt the normal assembly 

of microfibrils, leading to compromised structural 

support in connective tissues. In addition to structural 

defects, altered signaling pathways play a crucial role. 

Dysregulation of transforming growth factor-beta 

(TGF-β) signaling has been identified as a major 
contributor to disease progression. Excessive TGF-β 
activity leads to abnormal tissue remodeling and 

contributes to the diverse phenotypic features 

observed in patients. Furthermore, variability in gene 

expression and mutation types explains the wide 

clinical heterogeneity seen in Marfan syndrome. Not 

all individuals with FBN1 mutations exhibit the same 

severity of symptoms, indicating the influence of 

additional genetic and environmental factors. 

4.3 Diagnostic Challenges 

Diagnosis may be difficult in children due to 

incomplete phenotypic expression. Additionally, 

overlapping syndromes complicate clinical 

differentiation. Distinguishing these conditions 

requires a combination of clinical assessment, 

imaging, biochemical testing, and genetic analysis. 

5. Treatment and Management 

5.1 Pharmacological Therapy 

• Beta-blockers reduce hemodynamic stress on the 

aorta 

• Angiotensin receptor blockers (e.g., losartan) 

modulate TGF-β signaling 

• Losartan has shown effectiveness in reducing 

aortic dilation progression. 

5.2 Surgical Intervention 

• Prophylactic aortic root replacement 

• Valve repair or replacement 

• Timely surgical intervention reduces mortality 

risk. 

5.3 Lifestyle and Monitoring 

• Avoid strenuous activity 

• Regular imaging follow-up 

• Genetic counseling 

5.4 Multidisciplinary Care 

Management requires coordinated care across 

cardiology, genetics, ophthalmology, and 

orthopedics. 

Table 2: Treatment / Management of Marfan 

syndrome 

Treatment Type Approach / Intervention Mechanism / Benefit Reference 

Beta-blockers Reduce heart rate and blood 
pressure 

Decrease aortic wall 
stress 

Shores et al. (1994); 
Pyeritz (2014) 

Angiotensin 
Receptor Blockers 

(Losartan) 

Used alone or with beta-
blockers 

Reduces TGF-β 
signaling and aortic 

dilation 

Habashi et al. (2006); 
Lacro et al. (2014) 

ACE Inhibitors Control hypertension Improve vascular 
remodeling 

Milewicz et al. (2008); 
Judge and Dietz (2005) 

Regular Monitoring Routine echocardiography 
and imaging 

Early detection of 
complications 

Hiratzka et al. (2010); 
Dean et al. (2007) 
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Prophylactic Aortic 
Surgery 

Aortic root replacement at 
critical diameter 

Prevents dissection and 
rupture 

Groenink et al. (1999); 
Hiratzka et al. (2010) 

Valve 
Repair/Replacement 

Surgical correction of 
mitral/aortic valve disease 

Improves cardiac 
function 

Yetman et al. (2003); 
Roman et al. (1993) 

Lifestyle 
Modification 

Avoid strenuous activity Reduces cardiovascular 
stress 

Dean et al. (2007); 
Pyeritz (2014) 

Ophthalmologic 
Management 

Lens correction or surgery Prevents visual 
complications 

Silverman et al. (1995); 
Pepe et al. (2016) 

Multidisciplinary 
Care 

Cardiologist, geneticist, 
ophthalmologist involvement 

Comprehensive disease 
control 

Judge and Dietz (2005); 
Milewicz et al. (2008) 

Genetic Counseling Family risk assessment Prevents transmission 
and aids planning 

Pyeritz (2000); Dean et 
al. (2007) 

6. Complications and Prognosis 

6.1 Complications 

• Aortic dissection (leading cause of death) 

• Vision impairment 

• Skeletal deformities 

6.2 Prognosis 

With modern management, life expectancy has 

significantly improved, approaching normal levels in 

many patients. 

7. Emerging Diagnostic Approaches 

Advances in molecular genetics and imaging 

technologies are transforming the diagnostic 

landscape of Marfan syndrome. Next-generation 

sequencing (NGS) has enabled rapid and 

comprehensive identification of FBN1 mutations and 

related genes such as TGFBR1 and TGFBR2, 

improving diagnostic accuracy and early detection (Li 

et al., 2019; Baudhuin et al., 2015). These tools are 

particularly valuable in atypical or borderline cases 

where clinical criteria alone may be insufficient. In 

addition, the development of genotype–phenotype 

correlation studies has enhanced the understanding of 

disease variability, allowing clinicians to predict 

disease severity and progression more effectively 

(Faivre et al., 2007; Chen et al., 2022). Advanced 

imaging modalities, including high-resolution MRI 

and 4D flow imaging, are also emerging as powerful 

tools for detecting subtle vascular changes before 

clinical symptoms appear (Groth et al., 2016). These 

technologies allow better risk stratification and 

individualized patient monitoring. Furthermore, 

biomarker-based diagnostics are gaining attention. 

Circulating markers such as transforming growth 

factor-beta (TGF-β), matrix metalloproteinases 
(MMPs), and oxidative stress indicators may provide 

early signals of disease progression and therapeutic 

response (Pepe et al., 2016). 

8. Future Therapeutic Strategies 

The understanding of Marfan syndrome has shifted 

from a purely structural disorder to one involving 

dysregulated signaling pathways, particularly TGF-β. 
This has opened new avenues for targeted therapies. 

Emerging research focuses on: 

• Gene therapy 

• Precision medicine 

• Biomarkers for disease progression 

• Targeting TGF-β signaling pathways 

Angiotensin receptor blockers (ARBs), especially 

losartan, have demonstrated the ability to modulate 

TGF-β signaling and slow aortic dilation, representing 
a significant advancement over traditional beta-

blocker therapy (Habashi et al., 2006; Lacro et al., 

2014). Ongoing studies aim to optimize dosing 

strategies and combination therapies to enhance 

efficacy. Gene-based therapies are emerging as a 

promising frontier. Techniques such as CRISPR-Cas9 

genome editing hold potential for correcting FBN1 

mutations at the molecular level, although clinical 

application remains in early stages (Du et al., 2021). 

Additionally, RNA-based therapies and molecular 

chaperones are being explored to improve fibrillin-1 
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synthesis and stability. Targeted inhibition of 

downstream pathways, including TGF-β antagonists 
and MMP inhibitors, may further reduce tissue 

degeneration and vascular complications (Neptune et 

al., 2003; Milewicz et al., 2008). Another important 

direction is personalized medicine, where treatment 

strategies are tailored based on genetic profiles, 

disease severity, and individual risk factors. This 

approach is expected to significantly improve 

outcomes and reduce complications. 

9. Mechanistic Rationale 

Despite improvements in clinical management, 

Marfan syndrome remains associated with significant 

morbidity and mortality, primarily due to progressive 

aortic disease. Traditional therapies mainly address 

hemodynamic stress but do not correct the underlying 

molecular defect. The disease mechanism involves 

both structural weakness of connective tissue and 

dysregulation of signaling pathways, particularly 

TGF-β, which drives abnormal tissue remodeling and 
vascular degeneration (Neptune et al., 2003; Judge 

and Dietz, 2005). 

Therefore, future strategies aim to: 

• Target the root genetic cause (FBN1 mutations)  

• Modulate pathogenic signaling pathways (TGF-

β)  

• Enable early detection before irreversible damage 

occurs  

These advancements are essential to move from 

symptomatic management toward disease-modifying 

and potentially curative therapies. 

CONCLUSION 

Marfan syndrome is a complex multisystem disorder 

characterized by significant clinical variability and 

life-threatening cardiovascular complications. 

Advances in molecular genetics, diagnostic criteria, 

and imaging techniques have substantially improved 

early detection and risk stratification. Current 

management strategies, including pharmacological 

therapy and prophylactic surgery, have significantly 

enhanced patient survival; however, they remain 

largely preventive rather than curative. The growing 

understanding of the molecular mechanisms 

underlying Marfan syndrome, particularly the role of 

fibrillin-1 and TGF-β signaling, has paved the way for 
innovative therapeutic approaches. Future 

developments in gene therapy, targeted molecular 

treatments, and personalized medicine hold great 

promise for transforming disease management. Early 

and precise diagnosis, combined with mechanism-

based interventions, is expected to further reduce 

morbidity and mortality. In conclusion, a 

multidisciplinary approach integrating advanced 

diagnostics, targeted therapies, and continuous 

monitoring is essential for optimizing outcomes in 

Marfan syndrome. Continued research is crucial to 

bridge the gap between current management and 

definitive cures, ultimately improving the quality of 

life and long-term prognosis for affected individuals. 
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