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Abstract t 
Marfann syndrome is an autosomal dominant inherited connective tissue disorder  with 

ann estimated prevalence of 2-3 per  10.000. The underlying genetic cause of the Marfan 

syndromee is a mutation in the fibrilli n I (FBN1) gene at chromosome 15. The 

manifestationn of Marfan syndrome primaril y involves the cardiovascular, musculoskeletal 

andd ocular  systems. Patients with Marfan syndrome are at risk of sudden death at young 

agee due to aortic dilatation and dissection in the entire aorta, which are not always 

predictablee by mere anatomic assessment of the aortic diameter. Recently it has been 

shownn that both aortic stiffness and aortic diameters are independent predictors for 

aorticc complications. Due to improved detection of patients at risk, timely surgical 

interventionn may prevent aortic dissection and death. Currently , it is possible to replace 

thee entire aorta with a Dacron graft. Prophylactic aortic surgery should be considered in 

womenn with Marfan syndrome and enlarged aortic diameters who want to become 

pregnant,, because of the increased risk of dissection. In this review we will describe 

cardiovascularr  complications of the Marfan syndrome and wil l discuss strategies for 

preventionn and management. 
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Introductio n n 
Marfann syndrome is an autosomal dominant disorder  of connective tissue, that has an 

estimatedd incidence of 1 per  5000 and about 25-30% of cases represent new mutations L2. 

Thee syndrome involves many systems but the prominent manifestations are of skeletal, 

ocularr  and cardiovascular  origin 3. Prognosis is mainly determined by aortic complica-

tionss 4. Prevention of aortic complications comprises: 1) early identification of subjects 

withh Marfan syndrome, 2) improvement of diagnostic imaging and genetic diagnosis, 3) 

usee of 6-blocker  therapy to delay aortic growth and, 4) prophylactic aortic surgery. In this 

articl ee we wil l focus on difficultie s in diagnosis, management and prevention of aortic 

complicationss and outcomes of surgery. We wil l also discuss the major  developments of 

thee past few years. 

Genetics s 
Thee Marfan syndrome is the result of mutations in the FBN1 gene on chromosome 

15q211 encoding a large glycoprotein called fibrillin-1 , a main component of extracellular 

microfibril ss found in a wide range of tissues 5. The size of the gene is estimated to be 

2000 kb and a wide variety of mutations in FBN1 have been shown to cause Marfan 

syndrome.. Currently , more than 500 mutations have been identified and almost all 

aree unique to an affected individual or  family 6. Three categories of mutations have 

beenn described: 1) missense mutation, 2) small insertion or  deletions causing premature 

terminationn of translation and, 3) exon skipping mutation. Genotype-phenotype 

correlationss in the Marfan syndrome have been complicated by the large number  of 

uniquee mutations reported, as well as by clinical heterogeneity among individuals with 

thee same mutation 78. The identification of the gene has allowed the development of 

twoo types of diagnostic tests; either  genetic family studies or  mutation identification 9. 

Familyy studies can be performed with specific polymorphic markers to identify the 

mutation-bearingg haplotype. These studies are only reliable in families in which several 

affectedd individual s are available since the involvement of a mutation must be clearly 

demonstrated.. Mutation identification can be performed in individual cases but in 

approximatelyy 30% of the patients with a definite diagnosis of Marfan syndrome based 

onn clinical findings it is not possible to find a mutation 10. This method is very costly 

andd time-consuming. 

Becausee of the intragenic heterogeneity molecular  genetic screening is hampered to a 
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GeneralGeneral introduction and outline 

considerablee extent, and the diagnosis of Marfa n syndrome is still based mainly on 

clinicall  major  and minor  manifestations, as defined by a council of experts in the 

field,, known as the Ghent nosology 7 ,s. A definit e diagnosis requires occurrence of 

majorr  manifestations in two different categories, and involvement (presence of criteria ) 

off  a thir d category (Table 1). In clinical practice diagnosis should be established by a 

multidisciplinar yy team. 

Tablee 1. Diagnostic Criteria for Marfan Syndrome 

Category y 

Familyy history 

Majorr  criteri a Minor  criteri a 

Independentt  diagnosis in parent, None 
child,, sibling 

Genetics s 

Cardiovascular r 

Ocular r 

Skeletal* * 

Pulmonary y 

Skin n 

Mutationn FBN1 

Aorti cc root dilation 
Dissectionn of ascending aorta 

Ectopicc lens 

Pectuss excavatum needing surgery 
Pectuss carinatum 
Pess planus 
Wristt  and thumb sign 
Scoliosiss > 20 ° or 
Spondylolisthesis s 
Armm span-height ratio > 1.05 
Protrusioo acetabulae (xray, MRI) 
Diminishedd extension elbows (< 170°) 

None e 

Mitra ll  valvar  prolapse 
Calcificationn of the mitral 
valve(<< 40 yrs.) 
Dilationn pulmonary trunk 
Dilation/dissectionn of 
descendingg aorta 

Flatt  cornea 
Myopia a 
Elongatedd globe 

Moderatee pectus excavatum 
Highh narrowly arched palate 
Typicall  face 
Jointt  hypermobility 

Spontaneouss pneumothorax 
Apicall  bulla 

Unexplainedd stretch marks 
(striae) ) 
Recurrentt  or  incisional hemiae 

Centrall  nervous system Lumbosacral dural ectasia (CT or  MRI) 

**  presence of at least 4 of the manifestation listed under 'Major criteria' are necessary for the skeletal 
systemm to be classified as major feature, or presence of at least 2 of the manifestations listed under 
'Majorr criteria' and at least 2 of the manifestation listed under 'Minor criteria' are necessary for the 
skeletall  system to be involved. 
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Cardiovascularr  manifestations 
Cardiovascularr  manifestations of Marfan syndrome include aortic and pulmonary artery 

dilatation,, mitra l and tricuspid valve prolapse with or  without regurgitation. The leading 

causee of premature death in patients with Marfan syndrome is aortic dissection due 

too progressive aortic dilatation. 

Inn 60-80% of adults with Marfan syndrome dilatation of the sinus of Valsalva is found. 

Elasticc fibers, composed of elastin deposited in microfibrils , are relatively more prevalent 

inn the ascending aorta than in any other  region of the arterial tree n . This biochemical 

feature,, coupled with the repetitive stress of left ventricular  ejection, probably accounts 

forr  aortic dilatation usually occurring primaril y in the aortic root  1213. The rate of 

dilatationn is heterogeneous and unpredictable1415. Echocardiography in the parasternal 

long-axiss view is mostly used for  measurement of the aortic root as recommended by 

thee American Society of Echocardiography. Magnetic Resonance (MR) imaging is 

particularl yy useful for  imaging of asymmetric aortic root and aortic diameters in 

patientss with severe chest deformities. Moreover, it can also be used for  visualizing 

thee entire aorta, because in approximately 15% of patients with Marfan syndrome 

initia ll  complications occur  in the descending aorta 16. 

Inn many patients the earliest clinically evident changes occur  in the mitra l valve. Mitra l 

valvee prolapse is present in approximately 80% of all patients17,1S. Stringent criteri a for 

diagnosiss of mitra l valve prolapse should be used, including late systolic prolapse over  2 

mmm on M-mode echocardiography, or  billowing of the leaflets into the left atrium in the 

long-axiss view on cross-sectional echocardiography19. Although the tricuspid valve may 

alsoo prolapse, the mitra l valve, presumably because of its location in a higher  pressure 

system,, is usually more severely affected. In more than a quarter  of Marfan patients 

wit hh prolapse substantial mitra l regurgitation develops, necessitating surgery by 

reconstructionn of the valve or  replacement with a mechanical valve 17. 

Inn some studies it has been speculated that a fibrilli n defect in the myocardium may 

predisposee patients with Marfan syndrome to LV dilatation and reduced LV function Z20-21, 

However,, in a recent study of 36 patients with Marfan syndrome without significant 

valvularr  regurgitation, LV dimensions and ejection fraction were found in the normal 

rangee 22. Also, no abnormal change in LV dimension or  ejection fraction was observed 

durin gg an average follow-up period of 10.8 years. Until now, no fir m evidence has 

beenn found for  the presence of LV dilatation and dysfunction in patients with Marfan 

syndromee in the absence of important valvular  regurgitation. 
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Dilatationn of the main pulmonary artery is a relatively unknown cardiovascular 

manifestationn of Marfan syndrome. In a study of Nollen et al, there was a good cor-

relationn between pulmonary and aortic root diameter, indicating that pulmonary root 

dilatationn seems to increase with progressive involvement of the cardiovascular system. 

Untill  now, pulmonary artery aneurysm and dissection are rare, but they may become 

off  more clinical relevance in the near future because of increased longevity in patients 

withh Marfan syndrome 23. 

Medicall  management 
Inn the early seventies the notion originated that fi-blocking therapy protects the Marfan 

aortaa from both dilatation and dissection 24. Multiple studies have shown that atenolol 

orr propranolol slow down the rate of aortic dilatation and the occurrence of aortic 

complicationss in patients with Marfan syndrome1525'26. This beneficial effect is mainly 

accomplishedd by the reduction of the pulsatile power of blood on the vessel wall 

(designatedd as dp/dt), next to decrease in heart rate (and thus less fatiguing stress 

cycles)) and lowering of the blood pressure. Also, adults with abdominal aortic 

aneurysmss with no obvious connective tissue disorder showed a reduced rate of 

abdominall  aortic dilation when undergoing long term treatment with fi-blockade 27. 

Itt has been reported that B-blocking therapy reduces aortic stiffness (determined by 

distensibilityy and flow wave velocity) and mean blood pressure in patients with Marfan 

syndromee 2S. Some studies suggested that certain patients might be more responsive 

too fi-blockade than others 29,3°. This heterogeneous response probably reflects increased 

peripherall  vascular resistance due to fi-blockade, which can be reduced substantially 

byy concurrent vasodilator therapy. 

Itt is currently recommended that all patients with Marfan syndrome be considered 

forr B-blocking therapy. In patients with contraindications for B-blocking therapy, 

angiotensinn converting enzyme (ACE) inhibitors or calcium-antagonist maybe another 

option,, although the benificial effect has never been documented. There may be 

theoreticall  reasons to consider ACE inhibitors as a second option. Vascular smooth 

musclee cell apoptosis has been implicated in the cystic medial degeneration seen in 

thee Marfan aorta. In a recent study it was suggested that ACE-inhibiting therapy may 

leadd to the inhibition of vascular smooth muscle cell apoptosis and, thus, may be 

usefull  for the treatment or prevention of cystic medial degeneration in patients with 
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Marfann syndrome 31. Also, it was demonstrated that ACE inhibitors could improve large 

arteryy compliance independently of blood pressure changes in animal models of 

hypertensionn 32. Large clinical trials are needed to confirm the benefit of these drugs 

inn the Marfan syndrome. 

Inn addition to reducing aortic stress by pharmacological means, patients are strongly 

recommendedd to avoid contact, isometric and competitive sports 33. 

Becausee nearly all patients with Marfan syndrome have affected valves, bacterial 

endocarditiss prophylaxis is generally recommended for dental procedures, surgical 

proceduress and complicated deliveries 34. After aortic root replacement endocarditis 

prophylaxiss is recommended for six months or for lif e if any residual gradient and/or 

lesionn persists, or in the presence of prosthetic valve or mitral regurgitation 35. 

Aorti cc surgery 
Becausee of the excellent results of elective aortic root replacement, thresholds for an 

electivee procedure have continuously been lowered in the past decades. At present, 

guideliness for elective replacement of the Marfan aortic root include 35: 

 A maximal aortic root diameter > 55 mm. 

 A maximal aortic root > 50 mm in patients with a family history of dissection, 

withh rapid aortic root growth > 2 mm per year or with severe aortic regurgitation 

requiringg surgery. 

Maximall  aortic root diameter > 45-50 mm, if an aortic valve sparing operation is 

planned. . 

Maximall  aortic diameter > 44 mm if pregnancy is desired. 

Inn a report by Gott and associates on the results of aortic root replacement in 675 

patientss with Marfan syndrome, the operative mortality was 1.5% for elective operations 

andd 11.7 % for emergency operations. Five and 10-year survival after aortic root 

replacementt were 84% and 75%, respectively 36. 

Aorticc root replacement in patients with Marfan syndrome has been associated with 

aa considerable higher risk of redissection and recurrent aneurysm than in patients 

withh another etiology of aortic disease 16. Presence of dissection, either acute or 

chronic,, at the time of first operation appeared to be a significant predictor of 
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Figuree 1: MR angiography of a patient with 
coronaryy ostial aneurysms in both reimplanted 
coronaryy arteries. 

subsequentt repeat aortic operation. Other risk factors for reoperation were hypertension 

andd smoking 37. An association between survival of patients with Marfan syndrome and 

otherr established vascular risk factors such as cholesterol, diabetes and obesity has never 

beenn demonstrated. 

Theree is a general agreement that acute dissections of the ascending aorta (type A) are 

surgicall  emergencies: repair with a composite graft is the procedure of choice in Marfan 

syndrome.. An acute dissection with origin beyond the left subclavian artery (type B) 

shouldd be managed medically (reduction of blood pressure and cardiac contractility) 

untill  the clinical situation stabilized. Ideally, dissection of the descending aorta will 

nott require surgery, but may be monitored regularly by MR imaging. However, 

progressivee dilatation beyond 55 mm, recurrent pain or signs consistent with fresh 

dissectionn and organ or limb ischemia are all indications for repair 2. 
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Afterr  elective aortic root replacement Marfan patients deserve permanent attention, 

becausee aneurysms and dissection of the aorta may develop beyond the site of the 

graft 16'38-39.. Finkbohner  et al showed that the incidence of surgery for  aneurysm or 

dissectionn in the thoracoabdominal aorta is similar  (16%) in electively operated and 

non-operatedd patients with Marfan during a follow-up period of 25 years 16. Current 

guideliness for  descending aortic operations are progressive dilation or  a diameter  of 

approximatelyy 50 mm 35. 

Inn the early 1990s two types of valve-sparing operations were introduced for  those 

patientss wishing to avoid anticoagulation therapy: reimplantation of the aortic root 

(David'ss procedure), and remodeling of the aortic root (Yacoub's procedure)40,41. Either 

typee of valve-sparing aortic root replacement appears to be safe, reproducible, and 

associatedd with reasonable 5- to 10-years results for  selected patients, at least in 

institution ss with cardiac surgeons who have considerable personal experience with 

thi ss procedure 42,43. Survival was excellent in a recent report from the Toronto group, 

althoughh 25% of the patients had severe aortic regurgitation 10 years after  valve-sparing 

aorticc root replacement44. NYHA functional class IV, age, emergency surgery, absence 

off  B- blockers for  or  after  operation and presence of symptoms were predictors of 

poorr  survival after  valve sparing operation (Yacoub procedure)42. The long-term results 

off  valve-sparing aortic root replacement, and the overall incidence of all valve-related 

andd aorta-related complications in large numbers of patients with Marfan syndrome 

aree still unknown. A relatively unknown postoperative complication, both after  aortic 

valve-sparingg operations and after  composite aortic valve replacement, is coronary 

ostiall  aneurysm (Figure 1) 45. 

Inn the beginning of the eighties the first  successful replacement of an entire Marfan 

aortaa was performed (Figure 2) 46A7, In these patients, aneurysms may still develop in 

vulnerablee Marfan tissue which is left in the button of main side branches at reimplantation 

sitess 45,48-50. The possibility of aneurysms developing in aortic branches, as in the 

subclaviann or  carotid arteries in patients with Marian syndrome, strongly suggests the 

importancee of close observations not only of the aorta but also of the visceral and supra-

aorticc branches. Whether  6-bIocking therapy is still advisable in those patients with entire 

aorticc replacement is not yet known. In patients after  aortic root replacement, early 

treatmentt  with 6-blockers has been associated with increased survival42. 
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Figuree 2: Dacron aorta of Marfan patient after entire aortic 
replacementt on post gadolinium enhanced 3D magnetic resonance 
imaging. . 

Aorti cc stiffness 
Thee risk of aortic dissection rises appreciably with increasing aortic size, but it may also 

appearr in non-dilated aortas51,52. As an additional potential predictor for aortic dissection 

noninvasivee aortic stiffness has been investigated in patients with Marfan syndrome 53"55. 

Severall  studies have demonstrated increased aortic stiffness assessed by echocardiography 

andd MR imaging in patients with Marfan syndrome53'55. 

Inn a prospective follow-up study of 78 non-operated patients with Marfan syndrome, the 

prognosticc significance of aortic stiffness has been investigated5 . After a 6 year follow-up 

period,, 4 patients developed a dissection and 31 patients showed progressive aortic 

dilatationn (defined as mean aortic root diameter increase > 1 mm/year). Multivariate 

analysiss revealed that local distensibility was an independent predictor of progressive 

thoracicc descending aortic dilatation. For progressive aortic root and abdominal dilatation 

locall  initial diameter appeared to be the major predictor. This means, that for optimal risk 

assessmentt and monitoring of patients with Marfan syndrome, both aortic stiffness and 

diameterr should be assessed annually. 
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Anotherr  potential predictor  for  aortic complications may be the matrix metallo-

proteinasess (MMPs)57_61. Marfan syndrome increased activity of MMP 2 and 9 has been 

observedd in tissue of aortic aneurysms, and in early vascular  lesions before elastic fiber 

destructionn occurred 62,63. In non-Marfan patients the plasma- or  serum levels of certain 

MMPss and tissue inhibito r  matrix metalloproteinasen (TIMP) were positively associated 

withh size and expansion of abdominal aortic aneurysms 59_61. In a recent prospective 

study,, 6 month's treatment with doxycycline was associated with a gradual reduction in 

plasmaa MMP-9 levels. However, no beneficial effect on overall rate and extent of aneurysm 

growthh was observed M . Further  studies are needed to obtain insight in the function of 

FBN11 and the role of MMP and TIM P expression in tissue homeostasis, which could lead 

too new treatment opportunities. 

Pregnancy y 
Forr  women with Marfan syndrome, pregnancy presents a two-fold problem: first the 

50%%  risk of transmission of Marfan syndrome to the fetus and second, progression of 

aorticc root dilatation. The increased risk of aortic dissection during pregnancy may be 

causedd by the hyperdynamic hypervolaemic circulatory state of pregnancy. In a study y 

withh rats, high levels of oestrogens were associated with inhibitio n of collagen and 

elasticc deposition in the aorta 65. In three studies, it became apparent that the risk for 

aorticc dissection was low in women with minimal cardiac involvement and an aortic 

roott  less than 40 mm 66_68. 

Currentl yy it is recommended that women with an aortic root diameter  beyond 44 mm 

shouldd strongly be discouraged from becoming pregnant unless they undergo elective 

aorticc root replacement before pregnancy. Between 40 and 44 mm diameter, an 

individuall  approach is recommended based on growth of the aortic root and family 

history.. When the aortic diameter  is below 40 mm, problems are rare, although a 

completelyy safe diameter  does not exist  35. Therefore, careful follow up throughout 

pregnancyy is mandatory. The thir d trimester  of pregnancy, labor, delivery, and the 

firstt  postpartum month carry the highest risk of aortic dissection 67. Frequent 

echocardiographicc imaging should be performed throughout pregnancy and the 

postpartumm period to check for  progressive aortic dilatation. 

Metoprololl  and atenolol are considered safe during pregnancy, but have been reported 

too cause some fetal problems when given early or  mid-gestation 69" 71. Beta-blockers, 

19 9 



GeneralGeneral introduction and outline 

especiallyy atenolol have been linked with fetal growth retardation whenn given early in 

pregnancy.. Clinical experience with labetalol is extensive and it is among the most 

widelyy used antihypertensive drugs in pregnancy 72,73. 

Thee optimal way of delivery in women with Marfan syndrome is still subject to debate. 

Somee recommend a vaginal delivery with a short second stage of labour, others 

recommendd a vaginal delivery with epidural anesthesia or a caesarean section. Epidural 

andd spinal anesthesia should be administered only after consideration of the possibility 

off  dural ectasia; arachnoid cysts might result in considerable dilution of anesthetic 2'74. 

Prenatall  screening 
Currentlyy preimplantation diagnosis and prenatal diagnosis for Marfan syndrome are 

generallyy limited to those families in which the mutation in the FBN1 gene is known. 

Thee major advantage of preimplantation diagnosis in comparison with prenatal diagnosis 

iss the possibility of avoiding termination, which can be extremely distressing for the 

coupless concerned. Another concern with respect to genetic counseling for prenatal 

diagnosiss is the variability in phenotypic expressions, even within families. This wide 

clinicall  variability and the lack of clear-cut genotype-phenotype correlations make 

predictionss about clinical severity difficult 75, In a recent study two-third of patients 

expressedd interest in using a prenatal test to determine if their fetus would be affected 

withh Marfan syndrome 76. 

Futuree implications 
Overr the past 30 years improvement of diagnostic modalities and aggressive medical 

andd surgical therapy, have resulted in considerable improvement of lif e expectancy of 

patientss with Marfan syndrome. Nonetheless, in an unknown number of patients 

diagnosiss is only established after development of an aortic aneurysm, dissection, or 

evenn death. Early diagnosis therefore should be improved by awareness in the general 

populationn and education of physicians. The role of valve sparing aortic root 

replacementt has yet to be determined, based on long term outcome in a larger number 

off  patients with Marfan syndrome. 

Duee to improved operation techniques a new population is growing in which several 

partss of the aorta have been replaced by a Dacron graft. The optimal medical therapy 
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inn this new group of patients has to be investigated. Further research should focus on the 

functionall  properties of the aorta, and molecular genetics to identify the patients at 

greatestt risk for aortic dissection. 

Outlinee of the thesis 
Patientss with Marfan syndrome may develop aortic dissection despite only mild aortic 

roott dilatation as shown by standard echocardiography, which may be due to aortic 

roott asymmetry. In Chapter  n, a study is presented in which aortic root asymmetry was 

investigatedd by MRI and these measurements were compared to standard performed 

echocardiographicc measurements. In Chapter  HI, left ventricular dimensions and 

systolicc function were investigated with echocardiography in a large group of patients 

withh Marfan syndrome. The prevalence of coronary ostial aneurysms in patients with 

Marfann syndrome after elective aortic root replacement was investigated with magnetic 

resonancee angiography and is reported in Chapter  IV. 

Inn Chapter  V, MR imaging is used to assess aortic stiffness in patients with Marfan 

syndromee after elective aortic replacement. In this study we compared aortic stiffness in 

electivelyy operated patients with Marfan syndrome versus non-operated patients with 

Marfann syndrome. 

Beta-blockingg therapy is the standard therapy in non-operated patients with Marfan 

syndrome;; however its efficacy after entire aortic replacement is unknown. In Chapter 

VI ,, a study is presented in which the influence of nearly (entire) aortic root replacement 

andd beta-blocking therapy on blood pressure and wave reflections in patients with 

Marfann syndrome is described. In Chapter  Vu. a study is presented in which the 

influencee of pregnancy on aortic growth is investigated in women with Marfan syndrome. 

Thee maternal and neonatal outcome of pregnancy in women with Marfan syndrome is 

evaluatedd in Chapter  VUL  Finally in Chapter  IX. a study is presented in which aortic 

roott growth was analysed in a large cohort of Marfan patients. 

21 1 



GeneralGeneral introduction and outline 

References s 
11 Gray JR. Bridges AB, Faed MJ et al. Ascer-

tainmentt  and severity of Marfan syndrome 
inn a Scottish population. J Med Genet 1994; 
31(l):51-4. . 

22 Pyeritz RE. The Marfan syndrome. Annu 
Revv Med 2000; 51:481-510. 

33 Pyeritz RE. McKusick VA. The Marfan syn-
drome::  diagnosis and management. N Engl 
JJ Med 1979; 300(14) :772-7. 

44 McKusick VA. The cardiovascular  aspects 
off  Marian' s syndrome: a heritable disorder 
off  connective tissue. Circulation 1955; 
ll(3):321-42. . 

55 Dietz HC, Cutting GR. Pyeritz RE et al. 
Marfann syndrome caused by a recurrent de 
novoo missense mutation in the fibrilli n 
gene.. Nature 1991: 352(6333):337-9. 

66 Collod-Beroud G. Le Bourdelles S, Ades L et 
al.. Update of the UMD-FBN1 mutation data-
basee and creation of an FBN1 polymor-
phismm database. Hum Mutat 2003; 
22(3):: 199-208. 

77 De Paepe A, Devereux RB, Dietz HC. 
Hennekamm RC, Pyeritz RE. Revised diagnos-
ticc criteri a for  the Marfan syndrome. Am J 
Medd Genet 1996:62(4):417-26. 

88 Dietz HC, Pyeritz RE. Mutations in the hu-
mann gene for  fibrillin- 1 (FBN1) in the 
Marfann syndrome and related disorders. 
Humm Mol Genet 1995; 4 Spec No: 1799-809. 

99 Collod-Beroud G, Boileau C. Marfan syn-
dromee in the thir d Millennium . Eur  J Hum 
Genett  2002; 10{11):673-81. 

100 Loeys B, Nuytinck L, Delvaux I, De Bie S, De 
Paepee A. Genotype and phenotype analysis 
off  171 patients referred for  molecular  study 
off  the fibrillin- 1 gene FBN1 because of sus-
pectedd Marfan syndrome. Arch Intern Med 
2001::  l6l(20):2447-54. 

111 Apter  JT. Correlation of visco-elastic proper-
tiess with microscopic structure of large ar-
teries.. IV. Thermal responses of collagen, 
elastin.. smooth muscle, and intact arteries. 
Circc Res 1967; 21(6):901-18. 

122 Pyeritz RE. Marfan syndrome: current and 
futur ee clinical and genetic management of 
cardiovascularr  manifestations. Semin 
Thoracc Cardiovasc Surg 1993; 5(l):ll-6 . 

133 Roman MJ, Rosen SE, Kramer-Fox R, 
Devereuxx RB. Prognostic significance of the 
patternn of aortic root dilation in the Marfan 
syndrome.. J Am Coll Cardiol 1993; 
22(5)::  1470-6. 

144 Groenink M, Rozendaal L, Naeff MS et al. 
Marfann syndrome in children and adoles-
cents::  predictive and prognostic value of 
aorticc root growth for  screening for  aortic 
complications.. Heart 1998:80(2): 163-9-

155 Rossi-Foulkes R, Roman MJ, Rosen SE et al. 
Phenotypicc features and impact of beta 
blockerr  or  calcium antagonistt  therapy on 
aorticc lumen size in the Marfan syndrome. 
Amm J Cardiol 1999; 83(9):1364-8. 

166 Finkbohner  R. Johnston D, Crawford ES, 
Cosellii  J, Milewicz DM. Marfan syndrome. 
Long-termm survival and complications after 
aorticc aneurysm repair. Circulation 1995; 
9K3):728-33. . 

177 Pyeritz RE, Wappel MA. Mitra l valve dys-
functionn in the Marfan syndrome. Clinical 
andd echocardiographic study of prevalence 
andd natural history. Am J Med 1983; 
74(5):797^807. . 

188 van Karnebeek CD. Naeff MS, Mulder  BJ, 
Hennekamm RC. Offring a M. Natural history 
off  cardiovascular  manifestations in Marfan 
syndrome.. Arch Dis Child 2001; 84(2):129-
37. . 

199 Devereux RB, Kramer-Fox R, Kligfiel d P. Mi -
trall  valve prolapse: causes, clinical manifes-
tations,, and management. Ann Intern Med 
1989;;  111(4):305-17. 

200 Savolainen A. Nisula L, Keto P et al. Left 
ventricularr  function in children with the 
Marfann syndrome. Eur  Heart J 1994; 
15(5):625-30. . 

211 Yetman AT, Bomemeier  RA, McCrindl e BW. 
Long-termm outcome in patients with Marfan 
syndrome::  is aortic dissection the only 
causee of sudden death? J Am Coll Cardiol 
2003;;  41(2):329-32. 

222 Chatrath R, Beauchesne LM. Connolly HM, 
Michelss W, Driscoll DJ. Left ventricular 
functionn in the Marfan syndrome without 
significantt  valvular  regurgitation. Am J 
Cardioll  2003; 91(7):914-6. 

233 Nollen GJ, van Schijndel KE, Timmermans J 
ett  al. Pulmonary artery root dilatation in 
Marfann syndrome: quantitative assessment 
off  an unknown criterion . Heart 2002; 
87(5):470-l. . 

244 Halpern BL, Char  F, Murdoch JL, Horton WB, 
McKusickk VA. A prospectus on the preven-
tionn of aortic ruptur e in the Marfan syn-
dromee with data on survivorship without 
treatment.. Johns Hopkins Med J1971: 
129(3):123-9. . 

22 2 



ChapterChapter I 

255 Salim MA. Alpert BS. Ward JC, Pyerltz RE. 
Effectt  of beta-adrenergic blockade on aortic 
roott  rate of dilation in the Marfan syn-
drome.. Am J Cardiol 1994; 74(6):629-33-

266 Shores J. Berger  KR. Murph y EA, Pyerltz RE. 
Progressionn of aortic dilatation and the ben-
efitt  of long-term beta-adrenergic blockade in 
Marian' ss syndrome. N Engl J Med 1994; 
330(19):1335-41. . 

277 Leach SD, Toole AL, Stern H, DeNatale RW, 
Tilsonn MD. Effect of beta-adrenergic block-
adee on the growth rate of abdominal aortic 
aneurysms.. Arch Surg 1988; 123(5):606-9. 

288 Groenink M, de Roos A, Mulder  BJ, Spaan 
JA,, Van der  Wall EE. Changes in aortic dis-
tensibilit yy and pulse wave velocity assessed 
wit hh magnetic resonance imaging following 
beta-blockerr  therapy in the Marfan syn-
drome.. Am J Cardiol 1998; 82(2):203-S. 

299 Haouzi A, Berglund H, Pellkan PC, Maurer  G. 
Siegell  RJ. Heterogeneous aortic response to 
acutee beta-adrenergic blockade in Marfan 
syndrome.. Am Heart J 1997; 133(1) :60-3. 

300 Legget ME. Unger  TA, O'SuUivan CK et al. 
Aorti cc root complications in Marian' s syn-
drome::  identification of a lower  risk group. 
Heartt  1996; 75(4):389-95-

311 Nagashlma H, Sakomura Y, Aoka Y et al. An-
giotensinn II  type 2 receptor  mediates vascu-
larr  smooth muscle cell apoptosis in cystic 
medialmedial degeneration associated with Mar-
fan'ss syndrome. Circulation 2001; 104(12 
Suppll  1):I282-I287. 

322 Levy BI, Michel JB. Salzmann JL et al. Effects 
off  chronic inhibitio n of converting enzyme 
onn mechanical and structural properties of 
arteriess in rat renovascular  hypertension. 
Oree Res 1988; 63(l):227-39. 

333 Braverman AC. Exercise and the Marfan syn-
drome.. Med Sd Sports Exerc 1998; 30(10 
Suppl):S387-S395. . 

344 Dajani AS. TaubertKA . Wilson Wet al. Pre-
ventionn of bacterial endocarditis. Recom-
mendationss by the American Heart Associa-
tion.. JAMA 1997; 277(22):1794-801. 

355 Therrien J, Gatzoulis M. Graham T et al. Ca-
nadiann Cardiovascular  Society Consensus 
Conferencee 2001 update: Recommendations 
forr  the Management of Adult s with Con-
genitalgenital Heart Disease—Part II . Can J Cardiol 
2001;;  17(10): 1029-50. 

366 Gott VL, Greene PS, Alejo DE et al. Replace-
mentt  of the aortic root in patients with Mar-
fan'ss syndrome. N Engl J Med 1999: 
340(17):1307-13. . 

377 Detter  C, Mair  H. Klein HG, Georgescu C, 
Welzz A, Reichart B. Long-term prognosis of 
surgically-treatedd aortic aneurysms and dis-
sectionss in patients with and without Marfan 
syndrome.. Eur  J Cardiothorac Surg 1998; 
13(4):4l6-23. . 

388 Gott VL. Cameron DE, Alejo DE et al. Aorti c 
roott  replacement in 271 Marfan patients: a 
24-yearr  experience. Ann Thorac Surg 2002; 
73(2):438-43. . 

399 Kawamoto S, Bluemke DA Trail l TA, 
Zerhounii  EA. Thoracoabdominal aorta in 
Marfann syndrome: MR imaging findings of 
progressionn of vasculopathy after  surgical re-
pair.. Radiology 1997; 203(3) :727-32. 

400 David TE, Feindel CM. An aortic valve-sparing 
operationn for  patients with aortic incompe-
tencee and aneurysm of the ascending aorta. J 
Thoracc Cardiovasc Surg 1992; 103(4);617-21. 

411 Sarsam MA, Yacoub M. Remodeling of the 
aorticc valve anulus. J Thorac Cardiovasc Surg 
1993:105(3)) :435-8. 

422 Birk s EJ. Webb C, Child A, Radley-Smith R, 
Yacoubb MH. Early and long-term results of a 
valve-sparingg operation for  Marfan syndrome. 
Circulatio nn 1999; 100(19 Suppl) :II29-II35 . 

433 Mille r  DC. Valve-sparing aortic roott  replace-
mentt  in patients with the Marfan syndrome. 
JJ Thorac Cardiovasc Surg 2003; 125(4):773-8. 

444 de Oliveira NC, David TE, Ivanov J et al. Re-
sultss of surgery for  aortic root aneurysmm in 
patientss with Marfan syndrome. J Thorac 
Cardiovascc Surg 2003; 125(4):789-96. 

455 Fattori R, Descovich B. Bertacdni P, Celletti F, 
Caldareraa I, Plerangeli A, Gavelli G. Compos-
itee graft replacement of the ascending aorta: 
Leakagee detection with gadolinium-enhanced 
MRR Imaging. Radiology 1999:212:573-577. 

466 Crawford ES, Crawford JL. Stowe CL. Safi HJ. 
Totall  aortic replacement for  chronic aortic 
dissectionn occurring in patients with and 
withoutt  Marian' s syndrome. Ann Surg 1984: 
199(3):35&62. . 

477 Niinami H, Aomi S. Tagusari O, Hashimoto A, 
Koyanagii  H. Extensive aortic reconstruction 
forr  aortic aneurysms in Marfan syndrome. 
Annn Thorac Surg 1999; 67(6): 1864-7. 

488 Fleck TM, Hutschala D, Tschernich H et al. 
Stentt  graft placement of the 
thoracoabdominall  aorta in a patient with 
Marfann syndrome. J Thorac Cardiovasc Surg 
2003;;  125(6):1541-3. 

499 Latter  DA. Ricci MA Forbes RD, Graham AM. 
Internall  carotid artery aneurysm and Mar-
fan'ss syndrome. Can J Surg 1989; 32(6):463-6. 

23 3 



GeneralGeneral introduction and outline 

500 Sztajzel R, Hefft S, Girardet C. Marfan' s 
syndromee and multipl e extracranial aneu-
rysms.. Cerebrovasc Dis 2001; ll(4):346-9. 

511 Groenink M. Lohuis TA, Tljssen JG et al. 
Survivall  and complication free survival in 
Marfan' ss syndrome: Implications of current 
guidelines.. Heart 1999; 82(4);499-504. 

522 Sutsch G. Jenni R. von Segesser  L, Turin a M. 
Predictabilit yy of aortic dissection as a func-
tionn of aortic diameter. Eur  Heart J1991; 
12(12):1247-56. . 

533 Adams JN. Brooks M, Redpath TW et al. Aor-
ti cc distensibility and stiffness index meas-
uredd by magnetic resonance imaging in pa-
tientss with Marfan' s syndrome. Br  Heart J 
1995::  73(3):265-9. 

544 Groenink M, de Roos A, Mulder  BJ et al. Bio-
physicall  properties of the normal-sized 
aortaa in patients with Marfan syndrome: 
evaluationn with MR flow mapping. Radiol-
ogyy 2001; 219(2):535-40. 

555 Hirat a K, Triposkiadis F. Sparks E. Bowen J, 
Wooleyy CF, Boudoulas H. The Marfan syn-
drome::  abnormal aortic elastic properties. J 
Amm Coll Cardiol 1991; 18(l):57-63. 

566 Nollen GJ. Groenink M, Tijssen JGP, van der 
Walll  EE. Mulder  BJM. Aorti c stiffness and 
diameterr  predict progressive aortic dilata-
tionn in patients with Marfan syndrome. Eur 
Heartt  J 2004;25:1146-52. 

577 Benjamin IJ. Matri x metalloproteinases: 
fromm biology to therapeutic strategies in car-
diovascularr  disease. J Investig Med 2001; 
49(5):381-97. . 

588 Goodall S. Crowther  M, Hemingway DM, 
Belll  PR, Thompson MM . Ubiquitous eleva-
tionn of matri x metalloproteinase-2 expres-
sionn in the vasculature of patients with ab-
dominall  aneurysms. Circulation 2001; 
104(3):304-9. . 

599 Lindhol t JS, Vammen S, Fasting H, 
Hennebergg EW, Heickendorff L. The plasma 
levell  of matrix metalloproteinase 9 may pre-
dictt  the natural history of small abdominal 
aorticc aneurysms. A preliminar y study. Eur  J 
Vasee Endovasc Surg 2000; 20(3):281-5. 

600 Lindhol t JS, Ashton HA, Heickendorff L, 
Scottt  RA. Serum elastin peptides in the 
preoperativee evaluation of abdominal aortic 
aneurysms.. Eur  J Vase Endovasc Surg 2001; 
22(6):546-50. . 

611 Lindhol t JS, Heickendorff L, Vammen S, 
Fastingg H, Henneberg EW. Five-year  results 
off  elastin and collagen markers as predictive 
toolss in the management of small abdomi-
nall  aortic aneurysms. Eur  J Vase Endovasc 
Surgg 2001: 21{3):235-40. 

622 Bunton TE, Biery NJ. Myers L, Gayraud B, 
Ramirezz F, Dietz HC. Phenotypic alteration 
off  vascular  smooth muscle cells precedes 
elastolysiss in a mouse model of Marfan syn-
drome.. Ore Res 2001; 88(l):37-43. 

633 Segura AM, Luna RE, Horiba K et al. Immu-
nohistochemistryy of matri x 
metalloproteinasess and their  inhibitor s in 
thoracicc aortic aneurysms and aortic valves 
off  patients with Marfan' s syndrome. Circu-
lationn 1998; 98(19 Suppl):IT331-II337. 

644 Baxter  BT, Pearce WH, Waltke EA et al. Pro-
longedd administration of doxycydine in pa-
tientss with small asymptomatic abdominal 
aorticc aneurysms: report of a prospective 
(Phasee n) multicenter  study. J Vase Surg 
2002;;  36(1): 1-12. 

655 Wolinsky H. Effects of estrogen and pro-
gestogenn treatment on the response of the 
aortaa of male rats to hypertension. Morpho-
logicall  and chemical studies. Circ Res 1972; 
30(3):341-9. . 

666 Lipscomb KJ, Smith JC, Clarke B, Donnai P, 
Harri ss R. Outcome of pregnancy in women 
withh Marfan' s syndrome. Br  J Obstet 
Gynaecoll  1997; 104(2):201-6. 

677 Pyeritz RE. Maternal and fetal complications 
off  pregnancy in the Marfan syndrome. Am J 
Medd 1981; 71(5):784-90. 

688 Rossiter  JP, Repke JT, Morales AJ, Murph y 
EA,, Pyeritz RE, A prospective longitudinal 
evaluationn of pregnancy in the Marfan syn-
drome.. Am J Obstet Gynecol 1995; 
173(5):1599-606. . 

699 Butters L, Kennedy S, Rubin PC. Atenolol in 
essentiall  hypertension during pregnancy. 
BMJJ 1990; 301(6752):587-9. 

700 Up GY. Beevers M, Churchil l D, Shaffer  LM, 
Beeverss DG. Effect of atenolol on birt h 
weight.. Am J Cardiol 1997; 79(10):1436-8. 

711 Rosenthal T, Oparil S. The effect of antihy-
pertensivepertensive drugs on the fetus. J Hum 
Hypertens2002;;  16(5):293-8. 

722 Pickles Q, Broughton PF, Symonds EM. A 
randomisedd placebo controlled tria l of 
labetaloll  in the treatment of mild to moder-
atee pregnancy induced hypertension. Br  J 
Obstett  Gynaecol 1992; 99(12) :964-8. 

733 Sibai BM, Mabie WC, Shamsa F, Villar  MA, 
Andersonn GD. A comparison of no medica-
tionn versus methyldopa or  labetalol in 
chronicc hypertension during pregnancy. Am 
JJ Obstet Gynecol 1990: l62(4):960-6. 

744 Oosterhof T, Groenink M. Hulsmans FJ et al. 
Quantitativ ee assessment of dural ectasia as 
aa marker  for  Marfan syndrome. Radiology 
2001;;  220(2):514-8. 

24 4 



ChapterChapter I 

755 Loeys B, Nuytinck L. Van Acker  P et al. 
Strategiess for  prenatal and preimplantatlon 
geneticc diagnosis in Marfan BB. livin g with 
Marfann syndrome m. Quality of lif e and re-
productivee planning syndrome (MFS). 
Prenatt  Diagn 2002; 22(l):22-8. 

766 Peters KF, Kong F. Hanslo M, Biesecker. Clin 
Genett  2002; 62(2): 110-20. 

25 5 




