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Marfan Syndrome

• Most common inherited 
connective tissue disorder

• Cardinal features in skeletal, 
ocular and cardiovascular 
systems

• Premature mortality due to 
aortic catastrophe

• Lifespan shortened by one third

Antoine Marfan
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Aortic Root Aneurysm in Marfan Syndrome
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Helen B. Taussig 
(1898 – 1986)

There is no disease 
more conducive to 
clinical humility than 
aneurysm of the 
aorta.

Sir William Osler
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Marfan Syndrome Shortens Life Expectancy by a Third

Normal 
population

Marfan

“Pre-Bentall” Treatment of 

Marfan Ascending Aortic Aneurysm

• Usually reserved for emergency 
rupture or dissection

• Operative mortality > 50%
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The Bentall Procedure
(pronounced “ben’-til”)

Stigler's Law of Eponymy 
"no scientific discovery is named 
after its original discoverer"

(all eponyms are wrong)

Stephen Stigler
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Robert Merton (1910-2003)

• American sociologist at Columbia Univ
• Coined phrases “unintended consequences”, 

“role model”, “self-fulfilling prophecy”

Victor McKusick Vincent Gott
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Indications for Surgery

• Sinus diameter > 5 cm
• Sinus diameter > 4.5 cm and family 

history of aortic rupture or 
dissection

• Dissection (acute or chronic)
• Rapid enlargement (> 0.5 cm/year)
• Progressive AI in moderate aneurysm

Modified Bentall Procedure
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Valve Sparing Techniques
Remodeling

(David II, Yacoub)
(1993-2002)

Reimplantation
(David I)

(2002-present)
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• 500 patients

• September 1976 to  March 2016

• Mean age  32.5 years (0.9-73)

• 72% Male

• Children 13%

• Mean aortic diameter 6.0 cm (3-13cm)

Aortic Root Replacement
In Marfan Syndrome:

The Johns Hopkins Experience

Aortic Root Prostheses
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Operative Results with Aortic Root 
Replacement in the Marfan Syndrome

(JHH  1976-2016)

Pts
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1

2

3

%

0.2

3.8

0.6

Elective Repair

Urgent Repair 

Total

0

10

20

30

40

50

60

70

80

90

100

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Years

Actuarial Survival After Root Replacement

(%)

0

10

20

30

40

50

60

70

80

90

100

Su
rv

iv
al

 (%
)

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Time (years)

Kaplan-Meier Estimates of Mortality

All Patients

No Dissection

Dissection

70%

50% (all)

30%

21

22

11 of 29



MHIF Cardiovascular Grand Rounds | 
March 25, 2024

Cause of Death No. of Patients

Causes of Late Death

Dissection/rupture of residual aorta/iliac artery
Arrhythmia 
Intracerebral/spinal hemorrhage
Congestive heart failure 
Endocarditis
Systemic infection
Multi-organ failure 
Respiratory failure
Cancer
Drug overdose
Dehiscence of coronary anastomosis
Thrombosis of mechanical valve
Cardiogenic shock (occlusion Cabrol graft to LM coronary)
Complications following surgery for intestinal obstruction 
Peritonitis
Motor vehicle accident
Unknown
Total

10
9
4
4
3
3
3
2
2
2
1
1
1
1
1
1

26
74

Univariate Multivariate

Univariate and Multivariate 
Predictors of Late Mortality

Older Age
Mitral valve surgery
Preoperative dissection
NYHA class  III/IV
Urgent surgery
Male gender

P value

1.02
1.41
2.33
2.24
2.51
1.34

Hazard Ratio 

0.007
0.227
0.002
0.001
0.003
0.320

P valueHazard Ratio 

1.03
1.85
1.90
1.61
1.42
1.38

0.002
0.039
0.054
0.100
0.376
0.288

Risk Factors
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Complication and Outcome No. of Patients

Late Morbidity among 370 Survivors of 
Aortic Root Replacement

Thromboembolism
Cerebral emboli – complete recovery 
Cerebral emboli – mild incapacity
Cerebral emboli – moderate incapacity 
Peripheral emboli – complete recovery
Thrombosis of Bjork-Shiley valve
Thrombosis of St. Jude composite

Endocarditis
Successful treatment

Antibiotics
Homograft aortic root replacement

Demise
Antibiotics
Redo aortic root replacement

Coronary Dehiscence 
Successful repair
Demise

7
6
1
1
3
1

10
5

2
1

2
1
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The Johns Hopkins Technique for VSRR

Graft size based on optimal sinotubular junction diameter
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• 56 Bentalls, 84 VSRRs
• Similar operative risk
• Higher T-E rates in Bentalls
• Higher rates of reoperation in VSRR (6%) versus 

Bentall (2%)
• Lower late survival after Bentall (? Pt selection)

Ann Thorac Surg 2008;85:2003–11)

Valve Sparing Aortic Root Reinforcement:
The Florida Sleeve
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PEARS
(personalized external aortic root support)

PEARS
(personalized external aortic root support)
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New Insights Into Pathogenesis

Mutations in the gene 
encoding fibrillin-1 (FBN1) 
cause Marfan Syndrome

Discovered in 1991
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Microfibrils (fibrillin-1)

Elastic fiber

The dogma: Microfibrils are needed for elastic 
fiber assembly and therefore Marfan syndrome 
manifests failed elastogenesis.

How could structural failure of tissues cause bone overgrowth?
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Skeletal and Morphologic Features of the 
Marfan Mouse

Aortic 
dissection in a 
mouse model 
of Marfan 
syndrome
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From Fibrillin Mutation to TGFβ

 Using human genome database, a sequence 
homology was identified between fibrillin
and TGFβ binding protein (Dietz)

 High levels of TGF β seen in Marfan mouse 
tissues

 Fibrillin is a regulator of TGFβ; fibrillin
mutation leads to excess TGFβ signaling

 In other models, TGFB mutations known 
to lead to overproduction of collagen and 
disarray of elastin

 Anti-TGF β antibody given to Marfan
mouse prevented aneurysm

TGFβ
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Wild-type C1039G/+ (Propranolol)

C1039G/+ (Losartan)C1039G/+ (Losartan)

C1039G/+ (Placebo)

C1039G/+ (Losartan)
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• 608 pts with Marfan syndrome

• Mean age 11 yrs (6 mos - 25 yrs)

• Baseline aortic root Z-score >3

• Randomized to Atenolol versus Losartan

• Both drugs reduced Z-score over 3 years

• No significant difference between Atenolol and Losartan

• ?Equivalent dosing

Did Lincoln
have the
Marfan 

syndrome?
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Summary
• Prophylactic aortic root replacement has low 

operative risk and can durably prevent life-
threatening aortic catastrophe in Marfan syndrome

• Long term results with composite grafts are 
excellent

• Valve sparing operations have excellent results but 
shorter followup; reimplantation technique is 
preferred

• Late distal aortic dissection and arrhythmia remain 
challenges to long term survival

• New insights into pathogenesis may lead to novel 
therapies

Thank you

dcameron@jhmi.edu

“Burchell” in subject line
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