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Marfan Syndrome
Marfan syndrome is a connective tissue disorder caused by defective fibrillin-1
protein, leading to fragile elastic fibers in the aorta, eyes, and skeleton that stretch
and tear under normal body stress.

T H E  S T O RY  I N  O N E  S E N T E N C E

Marfan syndrome is a connective tissue disorder caused by defective fibrillin-1 protein,

leading to fragile elastic fibers in the aorta, eyes, and skeleton that stretch and tear under

normal body stress.

“Marfan syndrome is a genetic condition where the body makes faulty connective tissue. The

main protein that gives strength and elasticity to blood vessels, eyes, and bones does not work

properly. This causes dangerous stretching of the aorta, lens problems in the eyes, and tall

stature with long limbs.”

Normal anatomy — the body's job

Fibrillin-1 is a structural protein that forms microfibrils (tiny fibers) in the extracellular matrix

(the scaffolding between cells). These microfibrils give strength and elasticity to connective

tissues throughout the body, especially in blood vessel walls, the lens suspensory ligaments in

the eye, and the periosteum (bone covering) and ligaments. Fibrillin-1 also stores and

regulates transforming growth factor beta (TGF-β), a signaling molecule that controls cell

growth and tissue repair.

B O D Y ' S  J O B

Fibrillin-1 works like the elastic waistband in sweatpants—it stretches when you need it to

but snaps back to shape and holds everything in place securely.

The FBN1 gene on chromosome 15 provides instructions to make fibrillin-1 protein

Cells called fibroblasts make and secrete fibrillin-1 into the extracellular matrix

Fibrillin-1 molecules link together to form long microfibrils that create a mesh network

This microfibril network combines with elastin protein to form elastic fibers in vessel walls,

ligaments, and other tissues
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The elastic fibers stretch during movement or blood pressure pulses, then recoil back to

original shape

Fibrillin-1 microfibrils also bind and store TGF-β, keeping its activity controlled and

balanced

What breaks

In Marfan syndrome, a mutation (spelling mistake) in the FBN1 gene causes the body to make

abnormal fibrillin-1 protein or not enough of it. Without properly working fibrillin-1, the

microfibrils are weak and break easily. Tissues that need to stretch and recoil—like the aorta

wall, the eye lens ligaments, and bone ligaments—become fragile and overstretch under

normal daily stress.

C L I N I C A L  T E R M

Most Marfan cases result from missense or nonsense mutations in FBN1 that produce

structurally defective fibrillin-1 or cause haploinsufficiency (only one working gene copy

making half the normal protein amount). Defective microfibrils cannot properly sequester

TGF-β, leading to excessive TGF-β signaling that weakens the extracellular matrix and

promotes proteolytic degradation (enzyme breakdown) of elastic fibers.

How the body compensates

The body has limited ability to compensate for defective fibrillin-1. Fibroblasts may increase

production of other extracellular matrix proteins like fibronectin to try to reinforce weak

tissues, but these cannot fully replace fibrillin-1 function. The left ventricle may hypertrophy

(thicken) to maintain blood pressure when the aorta dilates, but this adds more stress to the

already weak aortic wall.

{'step': 'Increased extracellular matrix protein synthesis', 'detail': 'Fibroblasts sense tissue

weakness and make more fibronectin, collagen, and other structural proteins to try to

strengthen connective tissue scaffolding'}

{'step': 'Left ventricular hypertrophy in response to aortic dilation', 'detail': 'As the aorta

stretches and loses elasticity, the left ventricle must generate higher pressure to eject

blood, causing heart muscle to thicken over time'}

{'step': 'Upregulation of matrix metalloproteinase inhibitors', 'detail': 'Some tissues release

tissue inhibitors of metalloproteinases (TIMPs) to slow down enzyme breakdown of

remaining elastic fibers'}

{'step': 'Increased collagen deposition in vessel walls', 'detail': 'Smooth muscle cells deposit

more rigid collagen in the aortic wall to prevent rupture, but this stiffens the artery and

raises blood pressure'}
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{'step': 'Reflexive vasoconstriction to maintain blood flow (perfusion) pressure', 'detail':

'When the dilated aorta reduces effective forward flow, baroreceptors (pressure sensors)

trigger sympathetic nervous system activation to constrict peripheral vessels'}

{'step': 'Myopia development from elongated eye globe', 'detail': 'The eye attempts to focus

light on the retina despite abnormal lens position by elongating the eyeball, which causes

nearsightedness'}

Domino effect

Defective fibrillin-1 causes progressive aortic root dilation — Each heartbeat stretches the

weak aortic wall slightly more, and the vessel loses the ability to recoil, so diameter

increases gradually over years

Aortic regurgitation develops as the root dilates — When the aortic root widens, the three

valve leaflets cannot meet properly in the center, allowing blood to leak backward into the

left ventricle during diastole (relaxation phase)

Left ventricular volume overload and eccentric hypertrophy — The ventricle must pump

both the regurgitant volume and the normal stroke volume, so it dilates and thickens to

handle the extra load

Increased wall stress accelerates aortic dilation — According to Laplace's law, wall tension

equals pressure times radius, so as the aorta gets wider, wall stress increases exponentially,

creating a vicious cycle of worsening dilation

Aortic dissection occurs when intimal tear allows blood into the vessel wall — Extreme wall

stress causes the inner aortic layer (intima) to tear, and high-pressure blood cleaves

through the weakened media layer, separating wall layers

Blood flow to branch vessels is compromised by the dissection flap — The false lumen

(dissection space) can compress the true lumen or occlude branch vessel origins, cutting off

blood to the brain, kidneys, intestines, or limbs

Cardiac tamponade (the heart squeezed by fluid around it) develops if dissection ruptures

into the pericardium — Blood fills the pericardial sac around the heart, preventing

ventricular filling and causing cardiogenic shock

Death from aortic rupture, tamponade, or end-organ malperfusion — Sudden massive

bleeding (hemorrhage) into the chest or abdomen causes exsanguination (bleeding to

death), or critical organs fail from lack of oxygen delivery

Symptoms · what the patient feels, and why

Tall stature with long arms, legs, and fingers: Defective fibrillin-1 protein (a connective

tissue building block) allows bones to grow longer than usual because growth plates stay

open longer and cartilage is less restrained
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Chest pain or pressure: Weakened aortic wall stretches and tears, or mitral valve leaflets

prolapse backward into the left atrium causing starved blood flow (ischemia) or dissection

Vision problems or lens dislocation: Zonules (tiny fibers made of fibrillin that hold the lens

in place) stretch or break, letting the lens move out of position

Shortness of breath with exertion: Mitral or aortic valve regurgitation (backward leak)

forces the heart to pump the same blood twice, or spontaneous pneumothorax (lung

collapse) reduces oxygen exchange

Pectus deformity (sunken or protruding breastbone): Weak costal cartilage (rib connective

tissue) and rib overgrowth allow the sternum to cave inward or push outward

Joint hypermobility or frequent dislocations: Ligaments (bands that hold bones together)

have abnormal fibrillin so they overstretch and fail to stabilize joints

Sudden severe back or abdominal pain: Aortic dissection (tear in the aortic inner layer) lets

blood split the wall layers apart, or aortic aneurysm (balloon-like bulge) leaks or ruptures

Skin stretch marks not related to weight change: Dermis (deep skin layer) has defective

fibrillin so collagen bundles separate under normal tension, leaving visible red or white

lines

Focused exam

Arm span-to-height ratio greater than 1.05 and upper-to-lower body segment ratio less than

0.86: Disproportionate long limbs meet skeletal criteria in the revised Ghent nosology

(2010 diagnostic system) and suggest growth dysregulation from fibrillin deficiency

Positive wrist sign (thumb overlaps fifth finger around opposite wrist) or thumb sign (thumb

tip extends beyond ulnar border of palm): These signs indicate arachnodactyly (spider-like

fingers) and score as skeletal features; they reflect long metacarpals and ligament laxity

Pectus carinatum or pectus excavatum requiring surgery: Severe chest deformity meets

skeletal system criteria and may compress the heart or lungs, reducing cardiac output or

lung volumes

Mid-to-late systolic click and late systolic murmur at apex: Indicates mitral valve prolapse

(leaflet bulges into left atrium) with regurgitation; severe regurgitation causes left atrial

enlargement and atrial fibrillation (an irregular, quivering heartbeat) risk

Early diastolic decrescendo murmur at left sternal border, bounding pulses, wide pulse

pressure: Signs of aortic regurgitation (valve does not close fully); chronic severe

regurgitation enlarges the left ventricle and leads to heart failure

Blood pressure difference greater than 20 mmHg between arms, or new diastolic murmur

with severe chest pain: Suggests acute aortic dissection (inner aortic layer tears); type A

dissection (involves ascending aorta) requires emergency surgery within hours

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

M a ld ek Condition Catalog · Cardiology

educational use only · not a substitute for clinical judgment page 4 of 10



Diagnostics · every test answers a question

Transthoracic echocardiography with aortic root Z-score → Is the aortic root diameter

enlarged for the patient's age and body surface area, and is there valve regurgitation?

CT angiography or MR angiography of the entire aorta → Are there aneurysms (abnormal

dilations) or dissection flaps in the thoracic or abdominal aorta?

Slit-lamp ophthalmologic examination → Is the lens displaced (ectopia lentis), and are there

other fibrillin-related eye findings?

Genetic testing for FBN1 mutation → Is there a pathogenic variant in the FBN1 gene that

encodes fibrillin-1 protein?

Skeletal radiographs (spine, chest) → What is the severity of scoliosis, kyphosis, or pectus

deformity, and is surgical correction needed?

Electrocardiogram and 24-hour Holter monitor → Are there arrhythmias such as atrial

fibrillation (an irregular, quivering heartbeat) or ventricular ectopy that increase stroke or

sudden death risk?

Dural ectasia imaging (lumbar MRI) → Is the dural sac (membrane surrounding spinal cord)

ballooned outward, causing back pain or nerve symptoms?

Pulmonary function tests → Is there restrictive lung disease from chest-wall deformity or a

history of pneumothorax reducing lung capacity?

Treatment logic

Beta-blocker therapy (atenolol or metoprolol) → Slows heart rate and reduces aortic wall

stress (force per unit area) by lowering blood pressure and the speed of ventricular

contraction, slowing aortic root growth by approximately 0.1 cm/year

Preventive (Prophylactic) aortic root replacement surgery → Replaces the dilated ascending

aorta and aortic valve with a graft (tube) and mechanical or bioprosthetic valve, preventing

rupture or dissection; 30-year survival exceeds 80% post-surgery

Angiotensin II receptor blocker (ARB) therapy (losartan) → Blocks TGF-β (transforming

growth factor beta) signaling that drives aortic wall remodeling and smooth muscle loss,

reducing aortic root growth rate in some studies by 0.1–0.2 cm/year

Competitive and contact sports restriction → Avoids sudden blood pressure spikes and chest

trauma that can trigger dissection or worsen valve regurgitation; dynamic low-intensity

exercise (walking, swimming) is safe and improves fitness

Mitral or aortic valve repair or replacement → Restores competent valve closure, reduces

left ventricular volume overload, and prevents progression to heart failure or pulmonary

high blood pressure (hypertension); mitral repair has lower long-term complications than

replacement
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Annual cardiovascular imaging surveillance → Detects progressive aortic dilation before

rupture or dissection; ascending aorta diameter and growth rate determine surgical timing

per ACC/AHA guidelines (surgery at ≥5.0 cm or ≥4.5 cm with risk factors)

Medications

Atenolol · Cardioselective beta-1 adrenergic receptor blocker

Atenolol blocks beta-1 receptors on heart cells so adrenaline (epinephrine) cannot bind and

speed up the heart. Slower heart rate and weaker contractions lower blood pressure and

reduce the force hitting the aortic wall with each heartbeat. Less mechanical stress on the

aorta slows aneurysm growth.

Atenolol binds to beta-1 receptors on the heart cell surface

Blocks cyclic AMP production inside the cell

Reduces calcium entry into myocytes, weakening contraction strength

Slows electrical firing in the sinoatrial node, lowering heart rate

Decreases cardiac output and systemic blood pressure, reducing aortic wall tension

S A F E T Y  WAT C H

A slow heart rate (Bradycardia) (heart rate <50 bpm) and low blood pressure

(hypotension) · Fatigue and exercise intolerance from reduced cardiac output ·

Bronchospasm in patients with asthma or COPD (chronic obstructive pulmonary disease) ·

Avoid abrupt discontinuation (can cause rebound a fast heart rate (tachycardia) and high

blood pressure (hypertension))

Losartan · Angiotensin II receptor blocker (ARB)

Losartan blocks angiotensin II from binding to AT1 receptors on blood vessels and the heart.

This lowers blood pressure and also reduces TGF-β (a signaling protein that damages aortic

tissue in Marfan syndrome). Less TGF-β means less breakdown of elastin (stretchy fibers) and

collagen in the aortic wall.

Losartan binds to AT1 receptors, blocking angiotensin II attachment

Prevents vasoconstriction (blood vessel narrowing) and aldosterone release

Reduces TGF-β activation in the aortic wall

Decreases matrix metalloproteinase (enzymes that break down elastin and collagen)

activity

Slows aortic dilation and improves wall structural integrity
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S A F E T Y  WAT C H

High potassium (Hyperkalemia) (high potassium) especially with renal insufficiency or

potassium supplements · Low blood pressure (Hypotension) and dizziness, particularly in

volume-depleted patients · Contraindicated in pregnancy (causes fetal renal failure and

death) · Monitor creatinine; may worsen renal function in bilateral renal artery narrowing

(stenosis)

Warfarin · Vitamin K antagonist anticoagulant

Warfarin blocks vitamin K epoxide reductase, the enzyme that recycles vitamin K in the liver.

Without active vitamin K, the liver cannot make clotting factors II, VII, IX, and X. Thinner blood

prevents clots from forming on mechanical heart valves (which all Marfan patients with valve

replacements may have).

Warfarin inhibits vitamin K epoxide reductase in hepatocytes

Depletes active vitamin K cofactor needed for gamma-carboxylation

Clotting factors II, VII, IX, X are synthesized but remain inactive (non-carboxylated)

Coagulation cascade cannot form fibrin clots efficiently

INR (international normalized ratio) rises to therapeutic range 2.0–3.0 for valve patients

S A F E T Y  WAT C H

Narrow therapeutic window; requires frequent INR monitoring · Major bleeding risk

(intracranial bleeding (hemorrhage), gastrointestinal bleed) if INR >4 · Many drug and

food interactions (vitamin K in green leafy vegetables reduces effect) · Contraindicated in

pregnancy (teratogenic, causes fetal bleeding)

Celiprolol · Beta-1 selective blocker with beta-2 agonist activity

Celiprolol blocks beta-1 receptors to slow the heart and lower blood pressure, like atenolol. It

also mildly stimulates beta-2 receptors in blood vessels, causing vasodilation (widening). This

combination may reduce aortic stiffness more than pure beta-blockers. Some European studies

show benefit in vascular Ehlers-Danlos, and it is sometimes used off-label in Marfan.

Celiprolol blocks beta-1 receptors, reducing heart rate and contractility

Simultaneously activates beta-2 receptors on peripheral vessels

Causes mild vasodilation, lowering systemic vascular resistance

Reduces pulse wave velocity (stiffness measure) in the aorta

Lowers aortic wall stress through combined heart-rate and blood-pressure effects
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S A F E T Y  WAT C H

Similar a slow heart rate (bradycardia) and low blood pressure (hypotension) risks as other

beta-blockers · Beta-2 agonism may worsen asthma less than non-selective agents, but

caution still needed · Drug availability limited outside Europe · Monitor for fatigue and

dizziness

Pneumococcal and influenza vaccines · Preventive (Prophylactic)

immunization (non-pharmacologic prevention)

These vaccines train the immune system to recognize Streptococcus pneumoniae and influenza

virus. After vaccination, B cells produce antibodies that bind to bacterial capsule or viral

surface proteins. If the patient later encounters the real pathogen, preformed antibodies

quickly neutralize it, preventing pneumonia. Marfan patients with chest-wall deformities or

prior pneumothorax have reduced lung reserve, so preventing respiratory infections is critical.

Vaccine antigens (protein or polysaccharide fragments) enter the bloodstream

Antigen-presenting cells carry fragments to lymph nodes

B lymphocytes recognize antigens and mature into plasma cells

Plasma cells secrete IgG antibodies specific to pneumococcus or influenza

Memory B cells remain in circulation for rapid response on re-exposure

S A F E T Y  WAT C H

Injection-site pain and low-grade fever for 1–2 days · Rarely, allergic reaction to vaccine

components (egg protein in some flu vaccines) · Pneumococcal conjugate (PCV13) and

polysaccharide (PPSV23) vaccines recommended; timing per CDC schedule · Annual

influenza vaccine needed due to viral strain changes

Genetic counseling and prenatal diagnosis · Non-pharmacologic reproductive

intervention

Genetic counselors explain the 50% autosomal dominant inheritance risk, review family

pedigree, and offer preimplantation genetic testing (PGT) or prenatal diagnosis. PGT involves

in-vitro fertilization, embryo biopsy at 5 days, and FBN1 gene sequencing before uterine

transfer. Alternatively, chorionic villus sampling (CVS) at 10–13 weeks or amniocentesis at 15–

20 weeks can test fetal DNA. These methods allow parents to make informed reproductive

choices.

Genetic counselor obtains detailed family and medical history

FBN1 sequencing identifies pathogenic variant in affected parent

For PGT: embryos biopsied and tested; only unaffected embryos transferred
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For CVS or amniocentesis: fetal cells analyzed for FBN1 mutation

Parents receive risk assessment and decision-support counseling

S A F E T Y  WAT C H

CVS carries ~0.3% miscarriage risk; amniocentesis ~0.1% · PGT requires hormonal

stimulation and invasive egg retrieval · Ethical, financial, and emotional considerations

require multidisciplinary support · Negative prenatal test does not rule out de novo

mutations in later offspring

Red flags

Sudden severe chest or back pain (possible aortic dissection—activate code team and order

STAT CT angiography)

New heart murmur with fainting (syncope) or heart failure symptoms (acute valve rupture

or severe regurgitation—urgent cardiology consult)

Blood pressure difference >20 mmHg between arms (dissection extending into

brachiocephalic vessels—immediate imaging)

Shortness of breath with unilateral absent breath sounds (spontaneous pneumothorax—

needs chest X-ray and possible chest tube)

Nursing priorities

Monitor for aortic dissection (tear in the large blood vessel leaving the heart) and rupture

— Marfan syndrome weakens the aortic wall, making it prone to life-threatening tears.

Early detection through regular blood pressure checks and assessment of chest or back

pain can save lives.

Assess cardiovascular status including heart sounds and murmurs — Mitral valve prolapse

(backward bulging of a heart valve) and aortic regurgitation (leaky aortic valve) are

common in Marfan syndrome and can lead to heart failure if not monitored and treated.

Monitor for spontaneous pneumothorax (collapsed lung) — Patients with Marfan syndrome

have weak connective tissue in the lungs, increasing risk for sudden lung collapse. Watch

for sudden chest pain, shortness of breath, or decreased oxygen levels.

Screen for vision changes and lens dislocation — Ectopia lentis (displaced lens in the eye)

occurs in more than half of Marfan patients and can cause severe vision problems. Early

referral to ophthalmology preserves vision.

Educate about activity restrictions and avoidance of contact sports — High-intensity

exercise and contact sports increase aortic wall stress and risk of dissection. Patients need

clear guidance on safe physical activities to prevent sudden death.
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Administer beta-blockers as prescribed and monitor heart rate and blood pressure — Beta-

blockers slow heart rate and reduce force of heart contractions, decreasing stress on the

aorta. This slows aortic root dilation and reduces dissection risk.

Provide genetic counseling education and family screening referrals — Marfan syndrome is

autosomal dominant (passed from parent to child with 50% chance). Family members need

screening because early diagnosis and treatment improve outcomes.

Assess for scoliosis (curved spine) and joint hypermobility complications — Skeletal

abnormalities cause chronic pain and functional limitations. Early orthopedic intervention

and physical therapy can prevent progression and improve quality of life.

Sources

American Heart Association (AHA) 2022 Guidelines for Management of Patients with

Thoracic Aortic Disease

American College of Medical Genetics and Genomics (ACMG) 2021 Practice Guidelines for

Genetic Evaluation of Marfan Syndrome

National Marfan Foundation 2023 Clinical Guidelines for Diagnosis and Management

European Society of Cardiology (ESC) 2020 Guidelines on the Diagnosis and Treatment of

Aortic Diseases
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