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Marfan Syndrome
FBN1 Mutations
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Thoracic Aortic Aneurysms and 
Dissections
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20% of patients with TAAD have 
a first-degree relative with TAAD

Autosomal dominant inheritance
Decreased penetrance

Variable expression



R247C	Variant		Alters	Myosin	Function	
but	Does	Not	Cause	Aortic	Disease
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Baculovirus expression Aortic	Ring	Contraction

In	vitro	assays- Sweeney	lab	(Penn),	Aortic	contractility- Stull	lab	(UTSW),	Knockin	model	generation- Shao-Qing	Kuang,	PhD	(UT	Health)
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ACTA2 Mutations

Responsible for 10 - 14% 
familial TAAD

No Marfan-like syndromic 
features

PDA and other vascular 
diseases

Type A and B aortic 
dissections 



ACTA2 Mutations: 
Early Onset Coronary Artery Disease 

and Moyamoya Disease



TGFBR2 and TGFBR1 mutations: 
Variable spectrum of disease

Marfan Syndrome
“Marfan syndrome type 2”

Familial TAAD
No syndromic features

Loeys-Dietz Syndrome



GenTac



Montalcino Aortic Consortium 
(MAC)



MAC Sites and Investigators
United States Europe Canada
DM Milewicz, MD, PhD J De Backer, MD, PhD N Alvarez, BA, MD
R Pyeritz, MD, PhD A De Paepe, MD, PhD I El-Hamamsy, MD, 

PhD
A Braverman, MD B Callewaert, MD, PhD D Chitayat, MD
SA Morris, MD M Renard, MSc, PhD B Fernandez, MD
RB Devereux, MD L Muiño-Mosquera, MD G Horne, MD, PhD
J Grima, PhD G Jondeau, MD, PhD N Poirier, MD
R Lacro, MD C Boileau, PhD D Reinhardt, PhD 
SA LeMaire, MD F Labombarda, MD G Sandor, MD
A Levin, MD L Faivre, MD, PhD D Human BA, BM. 

BCh
D Liang, MD, PhD C Bouleti, MD, PhD M Ouzounian , MD 

PhD
I Maumenee, MD O Milleron, MD Australia
R Moran, MD Y von Kodolitsch L Ades, MD
F Ramirez, PhD M Rybczynski, MD R Jeremy, MB BS 

PhD
P Robinson, MD Z Szabolcs, MD PhD 

MSc Japan
L Sakai, PhD E Arbustini, MD H Morisaki, MD, PhD
D Sallee, MD M Groenink, MD, PhD T Morisaki, MD, PhD
S Shalhub, MD, MPH A Evangelista, MD
A Yetman, MD G Teixido-Tura , MD, 

PhD
MN Singh, MD B Carlberg, MD, PhD
ES Regalado, MS United Kingdom
MA Hofmann Bowman, MD, PhD V McConnell, MD
AM Crean, MD AH Child, MD
J Bavaria, MD A Pitcher, MRCP, PhD
A Psychogios, MD
V Kalahasti, MD  
PF Giampietro, MD, PhD

MAC Houston Administrative Center
Contact the Study Coordinator:

Ellen Hostetler
Tel  713	500	6843

Email ellen.m.hostetler@uth.tmc.edu

Inclusion criteria:
Any patient or family member with a 
pathogenic or non-benign variant in 

the known HTAD genes



MAC Aims: Evidence-based Diagnosis 
and Management of HTAD

§ Establish a large cohort of patients with mutations in the 
HTAD genes and collect patient data 

§ Define the natural and clinical history of HTAD
§ Characterize the disease risk associated with the HTAD 

genes and mutations
§ Identify factors that modify risk
§ Make the MAC resource available to investigators for 

further research and drug and device trials
§ Address classification of disease genes



HTAD Cases in MAC
N = 987

Gene Frequency

ACTA2 319 (32%)

PRKG1 37 (4%)

SMAD3 190 (19%)

TGFBR1 176 (18%)

TGFBR2 265 (27%)



Systemic features associated with
TGFBR1 and TGFBR2 mutations

TGFBR1 TGFBR2 p
Marfan systemic score mean (SD) 3.98 (3.44) 4.12 (2.94) 0.7

Systemic score >=7 28/128 (21.9%) 34/183 (18.6%) 0.6

Hypertelorism 36/138 (26%) 62/199 (31%) 0.3

Broad or bifid uvula 36/139 (26%) 72/219 (33%) 0.2

Arched palate 48/136 (35%) 109/229 (48%) 0.02

Craniosynostosis 11/118 (9%) 20/190 (11%) 0.8

Translucent skin 63/144 (43%) 78/227 (34%) 0.08

Wide scars 33/142 (23%) 62/218 (28%) 0.3

Head and neck arterial tortuosity 53/104 (51%) 72/133 (54%) 0.8

Cardiac defect (BAV, VSD, PDA) 13/154 (8.4%) 52/238 (21.8%) <0.001

Mitral valve prolapse 36/156 (23%) 65/244 (27%) 0.5
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Aneurysm repair Type A dissection
TGFBR1 TGFBR2 TGFBR1 TGFBR2

Aortic Root Diameter at Surgery 
or Dissection (UTH data)



FBN1 TGFBR16 TGFBR2 ACTA27 SMAD3
No. of individuals 243 176 265 277 190

Mean age (SD) 30 (16) 38 (20) 41 (17)

Aortic event 30% 40% 45% 48% 37%

Aortic 
dissection 42% 50% 47% 88% 74%

Type A‡ 74% 89% 71% 61% 71%

Mean Age 39 ± 9 34 ± 17 36 ± 12 44 ± 16

Type B 26% 11% 29% 24% 12% 

Mean Age 44 ± 10 38 ± 14 29 ± 12 53 yrs ± 15
Aneurysm 
repair 58% 50% 53% 12% 26% 

Mean Age 39 ± 13 33 ± 16 26 ± 16 33 ± 18 46 ± 17

Cumulative risk of
aortic event

74% at 60 
yrs

100% at 80 
yrs

100% at 90 
yrs

76% at 85 
yrs

86% at 81 
yrs

Does the Type of Aortic Event Differ Between Genes?



Connective Tissue Disorder

Genetically Triggered Aneurysm
(GenTac)



Heritable Thoracic Aortic Disease
(HTAD)



HTAD
25%



Brownstein, Elefteriades. Aorta. 2017, 5 (1):11-20



Although we don’t own the patient, 
we should own the disease.



Differences in outcomes when 
repairing TAAA in HTAD?



Marfan TAAA open surgical repair
Author N Dissecti

on
(acute)

Resp 
failure

Persis
tent
SCI

Bleedin
g

reop

In-
hospital
mortality

8-yr
survival

8-yr
Freedom

From reop

Omura 2012
Japan

20
100%
(0%)

5% 0% 5% 0% 91% 86%

Coselli
2016
USA

127 100%
(9%)

38% 2% 8% 4% 75% 86%

Mommertz
2008
Netherlands

22 100%
(0%)

9% 0% 5% 0% 100% 100%

UTH 
2014
USA

78 100% 9% 4% 4% 5% 86% 88%



Clamp 
and Go

DAP and 
CSFD

STAG, Visceral Perfusion, 
Renal Perfusion, 
Diaphragm Preservation

ICA
Reattachment

DND

COPS 
Protocol

Cannulation –
side arm

Loop 
Graft

Neuromonitored
Guided TAA

TAAA Modifications
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Approach

§ CSFD
§ DAP
§ Moderate 

Hypothermia
§ Sequential Clamp
§ Reattach patent 

ICA  8-12



Motor



§ Maintain CSF pressure <10 mmHg:
§ Intermittent manual gravity drainage

§ Monitor SSEPs and MEPs
§ Systolic BP >130 mmHg
§ Maintain Spinal Cord Perfusion Pressure >120 mmHg

Paraplegia Prevention: OR



Conduct

§ Proximal Anastomosis

§ ICA reattachment

§ Visceral/Renal

§ Distal Anastomosis







Causes for Reoperation

83%

7%
11%
4%
8%

5%

Aneurysmal Progression
Intercostal Patch Enlargement
Visceral Patch Enlargement

Infective Pseudoaneurysm
Pseudoaneurysm
TEVAR Complication
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Conduct

§ Proximal Anastomosis

§ Distal Anastomosis

§ Visceral/Renal

§ ICA reimplant



STAG Graft



DeRango EJVES 2011



When to Use the STAG

§ TAAA Extent II, III, IV with:

§ HTAD (Heritable Thoracic Aortic Disease)

§ Young patients (Age < 70 years)

§ Displaced Visceral & Renal Vessels 

(>3 cm displacement)







Prophylactic Repair

§ Age

§ Comorbidities

§ Added Risks

§ Risk of Reoperation

§ TEVAR

















HTAD in TAAA

§ Use bypasses for Reattachment

§ Reversed Elephant trunk
§ Frequently have  chronic dissection
§ Prophylactive repair



Conclusion

§ Heritable Thoracic Aortic Disease: genetic 
specific management

§ Open TAAA has good results in HTAD
§ Technical considerations
§ Although “we don’t own the patient”, we 

should own the disease.
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