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Components of “Medical” Management in Marfan and Loeys-Dietz

• Diagnosis
Family/Cascade Screening

• Lifestyle/behavioral
exercise/physical exertion
healthy lifestyle (diet, movement, avoid tobacco/illicit drugs, alcohol excess)
BP, cholesterol, blood sugar, obesity

• Family Planning/Contraception/Pregnancy

• Education
care, advocacy, action plan (emergency/aortic dissection)

• Imaging
echocardiogram, CTA/MRA

• Medication/Pharmacotherapy



Pharmacotherapy in Marfan syndrome



Medical Therapy:  Beta Blocker Therapy in the Marfan Syndrome

Beta Blockers:  Beta-Adrenergic                                 
Receptor Antagonists

1.  Decrease inotropic state of heart

2.  Decrease impact force of ejected 
blood on the aortic wall

3.  Decrease blood pressure 
and heart rate

https://cvpharmacology.com/cardioinhibitory/beta-blockers



Beta Blockers and the Marfan Syndrome

1971  Halpern et al suggested Beta blockade might reduce the risk of 
aortic dissection in the Marfan syndrome (1,2)

• In patients with malignant hypertension, reducing BP to normal, 
but not reducing the rate of rise of BP (dP/dt) did not prevent risk 
of dissection (3)

• Beta blockers effective in the long-term management of aortic 
dissection (4)

1.  Shores J.  N Engl J Med 1994;330:1335-41 3.  Beaven DW.  BMJ 1956;1:77-80

2.  Halpern BL.  Johns Hopkins Med J 1971:129:123-9 4.  Wheat MW. J Thorac Cardiovasc Surg 1965:50:364-73.



Beta Blockers and the Marfan Syndrome

• Models of aortic dissection suggested reducing dP/dt was more 
protective than reducing mean BP (6)

• Turkeys prone to spontaneous dissection/rupture had improved 
survival when propranolol was added to their feed (5)

5.  Simpson CF.  Toxicol Appl Pharmacol 1976;38:169-75

6.  Prokop EK.  Circ Res 1970; 27:121-7.



Beta Blocker Therapy in Marfan Syndrome

Randomized, controlled trial of 
propranolol in Marfan syndrome and 
mild to moderate aortic dilatation.

2 Beneficial Effects of Beta Blockers

• Decreased rate of aortic root    
enlargement

• Fewer patients developed aortic  
regurgitation or dissection 

Shores et al.  New Engl J Med. 1994;330:1335-41



Marfan Syndrome:  Research into Novel Therapies

• Fibrillin-1 and microfibrils regulate the 
TGF-β family of growth factors (cytokines) 
that influence many aspects of cellular 
performance (differentiation, proliferation, 
protein production)

• Mouse model of Marfan Syndrome:  
Deficiency of fibrillin-1 microfibrils results 
in excessive TGF-β activation and 
signaling in tissues altered by Marfan 
syndrome, including the aortic wall.

Milewicz DM et al.  Circulation 2005;111:e150-e157.
Habashi JP et al. Science. 2006;312(5770):117-121.

Mouse heterozygous for missense mutaton in fibrillin 
Courtesy of Dr. F. Ramirez



Losartan, an Angiotensin-1 Receptor Antagonist, Prevents Aortic 
Aneurysm in a Mouse Model of Marfan Syndrome

Habashi JP et al.  Science 2006;312:117-121



ARB Therapy in Marfan Syndrome
Brooke et al.  NEJM 2008;358:2787

• 17 patients aged 14 months to 16 
years who had received ARB 
therapy for >1 year.  

• These patients had severe aortic 
enlargement (mean z-score of 7.2 
at time of ARB therapy).

• Patients on ARB therapy had 
significant decrease in the rate of 
change of aortic root diameter 
(3.5 mm/yr vs. 0.5 mm/yr).

Change in Aortic-Root Diameter Standardized According to the Time of 
Initiation of Therapy with an Angiotensin II–Receptor Blocker (ARB).



• 608 patients with Marfan syndrome from 21 centers, aged 6 months to 25 years 
(mean 11.5 + 6 yrs) with aortic z-score >3.0 were randomized to either:

Atenolol (up to 4 mg/kg)  [titrated to decrease mean HR >20%]

[average dose 2.7 mg/kg or 151 + 75 mg/d in young adults]

or

Losartan (up to 1.4 mg/kg)

[average dose 1.3 mg/kg or 85 + 14 mg/d in young adults]

N Engl J Med 2014;371:2061-71.



Changes in aortic root z-score and aortic root diameter 
according to treatment group

• No difference in rate of change of aortic root z-score between the atenolol group and the losartan 
group ( -0.139 and -0.107), respectively.  

• Both slopes were significantly less than zero, indicating a decrease in aortic root dilatation relative to 
BSA with either treatment.



Outcomes:

The 3-year rates of aortic root surgery, aortic dissection, death, and a 
composite of these events did not differ significantly between the two 
treatment groups.

• Marfan Sartan:  French Marfan Trial.  Milleron O et al. Eur Heart J. 2015;36:2160-6.

• Spanish Marfan Trial.  Forteza A et al. Eur Heart J. 2016;37:978-85.

No differences in aortic root growth comparing beta blocker to losartan 
over a 3-year study period.



AIMS Trial   (UK)
Mullen M et al. Lancet 2019;394:2263-70

Irbesartan in Marfan Syndrome 

• Irbesartan use associated with 
a lower rate of aortic growth 
rate by 0.22 mm/year 
compared to placebo. 

• *56% of patients also treated 
with a beta blocker 



• In people with Marfan syndrome and no previous aortic surgery, ARBs reduced the rate 
of increase of the aortic root Z score by about one half, including among those taking a 
β blocker. 

• The effects of β blockers were similar to those of ARBs. 

• Assuming additivity, combination therapy with both ARBs and β blockers from the time 
of diagnosis would provide even greater reductions in the rate of aortic enlargement 
than either treatment alone, which, if maintained over a number of years, would be 
expected to lead to a delay in the need for aortic surgery



Recommendations for Medical Therapy in Marfan Syndrome

COR LOE RECOMMENDATIONS

1 A In patients with Marfan syndrome, treatment with either a beta blocker
or an angiotensin receptor blocker (ARB) in maximally tolerated
doses is recommended (unless contraindicated) to reduce the rate of aortic
dilation.1,2

2a C-LD
In patients with Marfan syndrome, the use of both a beta blocker and
an ARB in maximally tolerated doses is reasonable (unless contraindicated)
to reduce the rate of aortic dilation.3,4,11

Isselbacher EM, Preventza O, Hamilton Black Iii J, Augoustides JG, Beck AW, Bolen MA, 
Braverman AC, et al. 2022 ACC/AHA Guideline for the Diagnosis and Management of 
Aortic Disease. J Am Coll Cardiol. 2022;80:e223-e393.



Proposed molecular mechanisms involved in MFS pathology and potential treatment targets.
Deleeuw et al. J Exp Pharmacol 2021



Pharmacotherapy in Loeys-Dietz Syndrome



Angiotensin II–dependent TGF-β signaling contributes 
to Loeys-Dietz syndrome vascular pathogenesis

Gallo GM…..Dietz HC. J Clin Invest DOI: 10.1172/JCI69666



Recommendations for Medical Therapy in Loeys-Dietz Syndrome

COR LOE RECOMMENDATIONS

2a C-EO
In patients with Loeys-Dietz syndrome, treatment with a beta 
blocker or an angiotensin receptor blocker (ARB) or both, in 
maximally tolerated doses is reasonable (unless 
contraindicated).

Isselbacher EM, Preventza O, Hamilton Black Iii J, Augoustides JG, Beck AW, Bolen MA, 
Braverman AC, et al. 2022 ACC/AHA Guideline for the Diagnosis and Management of 
Aortic Disease. J Am Coll Cardiol. 2022;80:e223-e393.



Imaging Surveillance in Marfan Syndrome and Loeys-Dietz Syndrome

Marfan Syndrome Loeys-Dietz Syndrome

Initial imaging

• Echocardiogram

• Consideration of 
chest CTA/MRA

• Echocardiogram

• CTA or MRA 
head to pelvis

Subsequent imaging • Annual echocardiogram

• Annual echocardiogram

• Consideration of MRA/CTA chest

• MRA/CTA C/A/P every 2 years

• MRA/CTA head and neck every 
2-3 years

Postoperative imaging

• Annual echocardiogram

• MRA/CTA every year; 
if stable, image at regular 

intervals (2-years)

• Annual echocardiogram

• MRA/CTA chest every year; 
if stable, image MRA/CTA C/A/P every 

2 years. 
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Postoperative imaging

• Annual echocardiogram

• MRA/CTA every year; 
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(2-years)

• Annual echocardiogram

• MRA/CTA chest every year; 
if stable, image MRA/CTA C/A/P 

every 2 years. 



Importance of Surveillance Imaging 
in Marfan Syndrome and Loeys-Dietz Syndrome

• Echocardiogram
Aortic valve function (AR after VSRR; AVR function)
Mitral valve function (MVP, MR, MAD)
LVEF, cardiomyopathy
Other valve function

• MRA/CTA
Arterial tortuosity
Coronary button aneurysms
Ascending aortic, arch, descending aorta dilation
Graft pseudoaneurysms (coronary button, distal anastomosis)

Branch vessel aneurysms
Branch vessel dissection
Distal aortic dilation; iliac artery aneurysm

After aortic dissection:  progressive aortic dilation/aneurysm



















Medical Management and Surveillance in 
Marfan Syndrome and Loeys-Dietz Syndrome: Conclusions

• In Marfan syndrome and Loeys-Dietz syndrome, pharmacotherapy includes the 
use of a beta blocker or ARB in maximally tolerated doses, and for those who can 
tolerate, combination therapy. 

• Imaging in Marfan syndrome includes baseline echocardiogram and 
consideration for cross-sectional imaging with chest MRA or CTA at baseline.  

• Annual echocardiogram is recommended in follow-up.  After aortic surgery, 
MRA or CTA is recommended.

• Consideration for abdominal-pelvic aortic imaging in older individuals or with other 
risk factors for arterial disease. 



Medical Management and Surveillance in 
Marfan Syndrome and Loeys-Dietz Syndrome: Conclusions

• Imaging in Loeys-Dietz syndrome includes echocardiogram and head to pelvis 
cross-sectional imaging with CTA or MRA at diagnosis.

• Annual echocardiogram is recommended in follow-up with periodic imaging of 
head to pelvis depending upon age, genetic variant, existing aortic or branch 
vessel disease (ranging from 1-3 years depending upon aortic segment and 
other factors)



Alan C. Braverman, MD

abraverm@wustl.edu
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