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Stellingenn behorend bij  het proefschrift 
"Cardiovascularr  complications in patients with the Marfan syndrome" 

¥¥ In richtlijnen voor electieve aortawortelvervanging bij patiënten met het Marfan syndroom dienen 

sekseverschillenn in acht te worden genomen, (dit proefschrift) 

¥¥ Zwangerschap bij vrouwen met het Marfan syndroom is relatief veilig bij een aortaworteldiameter 

tott 45 mm. (dit proefschrift) 

vv Bij patiënten met het Marfan syndroom die totale aortavervanging ondergaan dient rekening te 

wordenn gehouden met dilatatie van natief aortaweefsel tussen het prothese materiaal, (dit proefschrift) 

¥¥ De diagnose Marfan syndroom wordt veelal nog te laat gesteld, (dit proefschrift) 

¥¥ Voor controle van diameters in de gehele aorta is MRI de eerste keus. 

¥¥ Patiënten met Marfan syndroom verdienen specifieke zorg in een gespecialiseerd centrum. 

¥¥ Door de verbeterde overleving van patiënten met het Marfan syndroom is nieuwe en intensieve 

begeleidingg van de zorgverlening noodzakelijk, zodat zij niet medische, psychisch en maatschappelijk 

gehandicaptt zullen blijven. (Prof. Dr. BJM Mulder) 

¥¥ Ook voor de congenitale cardiologie geldt: wie de jeugd heeft, heeft de toekomst. 

¥¥ Sommige gebeurtenissen zijn te belangrijk om aan het toeval over te laten. 

¥¥ Voor een promotie geldt: één "stuk" minder, is niet een stuk minder. 

¥¥ De hoeveelheid koffievlekken in een proefschrift bepaalt de werkelijke wetenschappelijke waarde 

ervan. . 

Liliann Meijboom, Amsterdam, 13 september 2005. 
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CHAPTER R 

Generall  introduction and outline: 

Preventionn of cardiovascular 
complicationss in the Marfan 

syndrome e 

Lilia nn J. Meijboom1, Gijs J. Nollen1, Barbara J.M. Mulder 1 

Fromm the Department of Cardiology1 of the Academic Medical Center, 
Amsterdam,, The Netherlands 

Adaptedd from Vascular Disease Prevention 2004;1:79-86 



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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ChapterChapter I 

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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ChapterChapter I 

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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GeneralGeneral introduction and outline 

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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GeneralGeneral introduction and outline 

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, 
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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. 
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Abstract t 
Background: : 

Patientss with Marfan syndrome may develop aortic root dissection despite only mild 

aorticc root dilation as shown by standard echocardiography, which may be due to aortic 

roott asymmetry. Purpose of the present study was to investigate aortic root asymmetry 

byy magnetic resonance (MR) imaging in patients with Marfan syndrome and to compare 

thesee measurements with standardly performed echocardiography. 

Methods: : 

877 Marfan patients (mean age 31 8 years) underwent MR imaging. From this population, 

155 patients (mean age 29 3 years) were selected in whom both echocardiography and 

MRR imaging had been performed within 3 months. With echocardiography, the aortic 

roott was measured according to the recommendations of the American Society of 

Echocardiography.. Withh MR imaging, a short axis view of the aortic root was obtained to 

measuree distances between the non coronary, right coronary and left coronary cusps 

andd the aortic root area. Correlations between aortic root area and diameters were 

assessed,, and 95% confidence intervals calculated. 

Results: : 

Noo difference in the standardly measured non coronary to right coronary cusp diameter 

betweenn MR imaging and echocardiography was shown 6 mm). Largest aortic 

roott diameter on the MR images was the right to left coronary cusp diameter (46 7 

mm,, p<0.02). For a given non coronary to right coronary cusp diameter, 95% confidence 

intervalss revealed a variation of -20 % to + 20% in the aortic root area. 

Conclusions: : 

Thee majority of Marfan patients show asymmetric dilation of the aortic root by MR 

imaging.. This phenomenon may go unnoticed when standard echocardiography is 

performed.. The asymmetry of the aortic root might be of clinical importance in 

unexpectedd aortic root dissection. 

28 8 



ChapterChapter II 

Introductio n n 
Thee Marfan syndrome is an autosomal dominantly inherited disorder  of connective 

tissue,, associated with mutations in the fibrilli n I gene, in which ocular, skeletal, 

cardiovascular,, integumentary, pulmonary and neurologic features may be present in 

aa highly variable degree1' 2, Clinical management of Marfan patients is primaril y aimed 

att  prevention of aortic root dissection, as this complication is associated with high 

mortalit yy 3~6. Current guidelines for  prophylactic replacement of the aortic root in 

patientss with Marfan syndrome depend heavily on accurate measurement of aortic 

roott  size 6~9. This is generally performed by means of echocardiography at the level of 

thee sinus of Valsalva in the parasternal long-axis view, as recommended by the American 

Societyy of Echocardiography (ASE)10. According to these guidelines the distance between 

thee non coronary cusp and right coronary cusp is measured and expressed as 'the' aortic 

roott  diameter, thus neglecting asymmetry of the trilobar  shaped aortic root. 

Aorti cc root asymmetry may be of considerable importance in Marfan patients, who 

oftenn show dilation of one or  two solitary sinus(es) instead of generalized aortic root 

dilation .. Consequently, measurements of the aortic root may differ  in various 

directions.. Inadequate measurement of aortic root size may be responsible for 

unanticipatedd aortic root dissection in Marfan patients with only 'mild ' aortic root 

dilationn as detected by standard echocardiography 9 , n. Aorti c root asymmetry can be 

assessedd in a short-axis image, from which both distances between all three sinuses and 

aorticc root area can be measured. Echocardiographic short-axis images of the aortic root 

aree not always easy to obtain, especially in Marfan patients where chest deformities 

mayy limi t field of view. Furthermore, these echocardiographic images do generally not 

showw anatomic detail with sufficient spatial resolution 1213. In addition, interobserver 

variabilit yy and the use of different recorders or  transducers may limi t reproducibilit y of 

echocardiographicc measurements 1415. 

Magneticc resonance (MR) imaging techniques are less operator  dependent and now 

facilitat ee accurate assessment of aortic root size with high spatial resolution 16. 

Inn the present study we used MR imaging to investigate aortic root asymmetry. Next, 

wee compared aortic root measurements by MR imaging with standardly performed 

echocardiographyy in Marfan patients. 
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Methods s 
Studyy population 
Inn 87 adult Marfan patients (36 women and 51 men, mean age 31 8 years, range 18 to 

50),, MR imaging of the aortic root was performed. From this group, 15 patients (7 

womenn and 8 men, mean age 3 years, range 21 to 46) were selected in whom both 

transthoracicc echocardiography and MR imaging of the aortic root had been performed 

withinn a maximum time interval of 3 months. 

Echocardiography y 
Transthoracicc echocardiography (TTE) was performed using the following equipment 

accordingg to availability: ATL HDI 3000, ATL9 and VINGMED 800. The aortic root was 

visualizedd in the parasternal long-axis view by two-dimensional echocardiography (Figure 

la).. The diameter between the outer wall of the right coronary cusp and inner wall of 

thee non coronary cusp was measured on M-mode tracings during the R-wave of the 

electrocardiogram,, according to the guidelines formulated by the American Society of 

Echocardiographyy (Figure lb) 10. 

Figuree 1: 1A: Echocardiographic image (2D-mode) 
off  the standardly measured aortic root diameter 
fromm the non coronary cusp (NCC) to right coronary 
cuspp (RCC). 
IB:: Echocardiographic image (M-mode) of the 
standardlyy measured aortic root diameter from the 
nonn coronary cusp (NCC) to right coronary cusp 
(RCC).IC:: Echocardographic short axis (2D-mode) 
throughh the aortic root showing all coronary 
sinuses s 
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MRR imaging 
MRR imaging was performed on a 1.5 Tesla scanner (Siemens Vision, Erlangen, Germany) 

usingg a phased array body coil and cardiac gating. Initially, a set of axial spin-echo 

imagess through the thoracic aorta (Figure 2a) was acquired. The axial images served as 

localizerss to acquire a second set of spin-echo images in the oblique sagittal plane, 

thuss correcting for the anterior-posterior angle of the proximal ascending aorta (Figure 

2b).. An ultrafast segmented breath-held multi-phase gradient echo pulse sequence 

Figuree 2: MR imaging protocol. 2A: Axial spin-echo image through the aortic root (AR) and the descending 
aortaa (DA). 2B: Oblique-sagittal image in a plane as indicated in 2A through the thoracic aorta. 2C: 
Double-obliquee image in a plane as indicated in 2B through the aortic root. 2D: Short axis image of the 
aorticc root in diastole. Aortic root diameters measured between non coronary cusp (NCC), right coronary 
cuspp (RCC), and left coronary cusp (LCC). Aortic root area was calculated from a line drawn manually 
followingg the inner contour of the aortic root. 
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(FLASH2D)) was used to correct for the medial-to-lateral angle of the proximal aorta in a 

planee as indicated in Figure 2b. Perpendicular to the largest diameter of the sinus of 

Valsalvaa on the first (t=0) image (Figure 2c) of the resulting double-oblique series, a 

thinn sliced set of high-resolution gradient echo images was acquired (FLASH2D, 

Repetitionn Time=100 ms, Echo Time=4.8 ms, Flip Angle=20°, Field Of View = 256, 

matrixx 256x256, slice thickness = 4 mm). This pulse sequence generated images of 

thee aortic root through the cardiac cycle with a spatial resolution of 1 mm/ pixel and a 

temporall  resolution of approximately 50 ms. The image at t =0 was used for 

measurementt of the aortic root. The MR imaging software tool 'MASS' ® (Medis, Leiden, 

thee Netherlands) was used for analysis. Aortic root diameters from non coronary cusp 

too right coronary cusp, non coronary cusp to left coronary cusp, and left coronary 

cuspp to right coronary cusp were measured from one inner edge to the other inner 

edgee of the aortic root (Figure 2d). Aortic root area was calculated from a line drawn 

manuallyy following the inner contour of the aortic root. 

Statisticall  analysis 
Thee aortic root dimensions of the 15 patients visualized both by MR imaging and 

echocardiographyy were measured separately by two observers. Interobserver agreement 

regardingg aortic root area as visualized by MR imaging and non coronary cusp to right 

coronaryy cusp aortic root diameter as visualized by both MR imaging and echocardio-

graphyy was expressed by means of intraclass correlation coefficients (rice). 

Blant-Altmann analysis was applied for comparison of non coronary cusp to right 

coronaryy cusp diameter as measured by MR imaging and echocardiography 17. The 

twoo values of both observers were averaged for this analysis. 

Thee non coronary cusp to right coronary cusp diameter was compared with non 

coronaryy cusp to left coronary cusp diameter and with left coronary cusp to right 

coronaryy cusp diameter on the short-axis MR images. Student's paired r test was used 

too test the significance of differences. A p-value of 0.05 or less was considered 

significant. . 

Inn the 87 Marfan patients who underwent MR imaging, the correlation between aortic 

roott area and non coronary cusp to right coronary cusp diameter (as measured on the 

MRR images) was determined by means of linear regression analysis. The 95% confidence 

intervalss (95% CI) of this correlation were calculated from the regression equation by 

meanss of the formula : 
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ycc ) 
(n- l ) ( l - r 2) ) 

(n-2) ) 
l + l / nn + 

(Ad-Adm)2 2 

£(Ad-Adm): : 

inn which yc = the aortic root area predicted by the regression equation, SD(AA) = the 

standardd deviation of aortic areas, n= number  of subjects, Ad= aortic root diameter, 

andd Adm= mean aortic root diameter  15. 

Results s 
Interobserverr variability 
Bothh MR imaging and echocardiographic techniques showed excellent reproducibilit y 

inn the measurement of aortic root size. Interobserver  agreement of aortic root areas 

measuredd wit h MR imaging was superior  to interobserver  agreement of aortic root 

diameters,, either  assessed by echocardiography or  MR imaging. The intraclass 

correlationn coefficients for  aortic root area, non coronary cusp to right coronary cusp 

aorti cc root diameter  assessed wit h MR imaging and for  non coronary cusp to right 

coronaryy cusp aortic root diameter  assessed wit h echocardiography were 0.998, 0.958 

3000 0 55 5 

SS 4 5-
? ? 

o o 

DD mri! y= 0.84 x + 6.8 R =0.92 

•• echo :y=0 .98x- 0.002 R2=0.89 

2000 0 

Observerr 2 {mm ) 

3000 0 400 45 50 

Observerr 2 (mm) 

Figuree 3: Interobserver correlation for aortic root dimensions. 3A: Correlation between the two 
observerss for aortic root area as measured with MR imaging. 3B: Correlation between the two observers 
forr non coronary cusp to right coronary cusp aortic root diameter as measured with MR imaging (open 
rectangles,, solid line) and echocardiography (closed rectangles, dashed line). Some points represent 
moree than one measurement. 

andd 0.940, respectively. Linear  correlations are shown in Figure 3a (aortic root area) and 

Figuree 3b (aortic root diameter). No significant differences in slope or  intercept of the 

regressionn lines were found. 
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Aorticc root diameter 
Noo difference in average non coronary cusp to right coronary cusp diameter  measured 

byy MR imaging and echocardiography was shown (both 6 mm). Agreement of 

methodologyy according to Bland and Altman analysis showed a 95% CI  ranging from 

-33 mm to +3 mm as indicated in Figure 4. Analysis of the short axis MR images indicated 

thatt  the non coronary cusp to right coronary cusp diameter  was not the largest diameter 

off  the aortic root in 11 of the 15 patients (73%). Average left coronary cusp to right 

coronaryy cusp diameter  (46 7 mm) was significantly larger  than both average non 

coronaryy cusp to right coronary cusp diameter  (p<0.02) and average non coronary 

cuspp to left coronary cusp diameter 7 mm, p<0.03)
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Figuree 4: Differences between measurements of 
nonn coronary cusp to right coronary cusp diameter 
byy echocardiography andd MR imaging against their 
means;; See text for details. 

Aorticc root area 
Ann excellent correlation between non coronary cusp to right coronary cusp aortic root 

diameterr  and aortic root area, both measured on the MR images, was shown in the 87 

patientss (y=67.09x-1265, R2 = 0.93, Figure 5). However, 95% CI  showed remarkable 

variatio nn in aortic root area for  as given aortic root diameter. For  instance, an aortic 

roott  diameter  of 37 mm (1240 mm2 according to the regression equation) could indicate 

ann aortic root area ranging from 990 (-20%) to 1500 (+20%) mm2 (Figure 5). In the 15 

3000 0 

400 50 

diameterr (mm) 

Figuree 5: Relation between aortic root area and 
thee non coronary cusp to right coronary cusp aortic 
roott diameter (empty circles) and 95% CI for aortic 
roott areas in relation to aortic root diameters (solid 
lines).Y=67.09x-1265.. R2 = 0.93. in which y = 
aorticc root area, and x = aortic root diameter. The 
dashedd lines indicate that the aortic root area may 
varyy from 990 to 1500 mm2 for an aortic root 
diameterr of 37mm. 

60 0 
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patientss who underwent both MR imaging and echocardiography, aortic root area was 

correlatedd with non coronary cusp-right coronary cusp aortic root diameter  as measured 

byy echocardiography (R2=0.90) and with non coronary cusp-right coronary cusp 

(R2=0.89),, non coronary cusp-left coronary cusp (R2=0.72) and left coronary cusp-

rightt  coronary cusp aortic root diameter  (R2=0.56) as measured by MR imaging. 

Discussion n 
Inn this study we compared echocardiography and MR imaging in the assessment of 

aorticc root size. Measurements by either  of these methods appeared highly 

reproducible,, especially those by MR imaging of the aortic root area. The aortic root 

diameterss standardly measured with echocardiography (non coronary cusp to right 

coronaryy cusp) showed no significant differences compared to those measured with 

MRR imaging. However, the largest aortic root diameter  did not appear  to be the non 

coronaryy cusp to right  coronary cusp diameter, but the right coronary cusp to left 

coronaryy cusp diameter  in 11 of 15 (73%) Marfan patients (mean difference 3 mm). 

Thee aortic root area correlated well with aortic root diameters in three directions, 

especiallyy with the non coronary cusp-right coronary cusp diameter. However, 

variationss in aortic area were relatively large at a given aortic root diameter. 

MRR Imaging versus echocardiography 
Itt  is recommended by current guidelines to perform prophylactic surgery at an aortic 

roott  diameter  of 55 mm or  at an annual aortic root growth rate of >2 mm assessed 

withh echocardiography 7" 9. According to these guidelines accurate measurements of 

aorticc diameters are of great importance. At present, MR imaging may be very well 

usedd in the follow-up of Marfan patients, because the entire aorta can be visualized16. 

Thee non-invasive character  of MR imaging, combined with its great accuracy to detect 

aneurysmss in the ascending aorta, aortic arch and descending aorta constitutes an 

appealingg diagnostic alternative for  Marfan patients. MR imaging times have been 

significantlyy decreased in the past decade and the average MR imaging time for  our 

protocoll  was approximately 30 minutes. 

Unti ll  now, studies comparing MR imaging and echocardiography for  determination of 

aorticc root dimensions have only been performed by Friedman et al in 1985 1S. 

Equipmentt  used for  MR imaging in those days did not yet facilitate the high spatial 

andd temporal resolution commonly available in most scanners today. In the present 
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study,, we used a higher field strength and faster pulse-sequences facilitating acquisition 

off  images of a complete heart cycle during one breath-hold vs. 5-11 minutes per slice 

inn the study by Friedman et al  18. In this way performed, breathing artifacts were 

eliminatedd and acquisition of data during a fixed limited time frame was facilitated. 

Inn addition, scanning planes were corrected for the course of the proximal aorta. These 

factorss could explain the lower correlation coefficient of R2= 0.67 between MR imaging 

andd echocardiography in the study by Friedman et al18. 

InIn another previous study by Hokken et al 19 in 38 patients with a pulmonary autograft, 

aa systematically larger diameter of the new aorta by gradient echo MR imaging was shown 

comparedd to both transthoracic and transesophageal echocardiography (mean difference 

11 to 3 mm). Differences in cine sequences, duration of cardiac cycles leading to different 

extensionss and/or positions of the autograft wall, and slice differences were given as an 

explanationn for the observed differences between echocardiography and MR imaging, 

Onn the other hand, Kon et al found that the actual size of the aortic annulus during 

operationn correlated less well with echocardiography than with MR imaging 20. 

Inn our study we found no difference between aortic root diameters assessed by 

echocardiographyy or by MR imaging. The 95% CI presented in figure 2 indicates that 

95%% of all differences wil l be between -3 mm and 3 mm. Although an accuracy of 1-2 

mmm for measurement of aortic root size with echocardiography has been reported, 

roughlyy the same 95% CI were shown in a study by Rozendaal et al, comparing M mode 

andd two-dimensional echocardiographic aortic root measurements15,18,21. Factors such 

ass different technicians, intraobserver and interobserver variability, the use of different 

recorderss and transducers, and different positioning may largely account for the 

differencess in measurements 13'15. 

Althoughh our study comprises a relatively small number of patients, it seems justified 

too use the echocardiographically determined guidelines for follow up of Marfan patients 

withh MR imaging, using similar MR techniques. The aortic root diameter measured 

withh MR imaging and echocardiography can be used interchangeably. 

Asymmetricc aortic root 
Inn spite of regular accurate follow up of the aortic root diameter, aorta dissection may 

alreadyy occur in patients with only mild aortic dilatation 7'9. Asymmetric aortic roots, 

withh diameters varying in different directions, variations in wall stresses or aortic 

roott area may all play a role in the occurrence of unanticipated dissection 22. In our 

studyy we found that in 11 of 15 patients (73%), the largest aortic root diameter was not 
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thee diameter standardly measured with echocardiography (non coronary cusp to right 

coronaryy cusp), but rather the distance between the right coronary cusp to left coronary 

cusp.. In Marfan patients with severe asymmetry of the aortic root, measurement of 

thee standard echocardiographically non coronary cusp to right coronary cusp diameter 

mightt not be sufficient, and a much larger right coronary cusp to left coronary cusp 

diameterr might explain unexpected dissections. Another indication of asymmetry of 

thee aortic root was the relatively large variation in aortic root area found for all 

diameters.. A limitation of our study is that aortic root asymmetry was not evaluated 

byy echocardiography, because short-axis images through the aortic root could be acquired 

onlyy in a few patients. Transesophageal echocardiography is probably more suited to 

assesss aortic root asymmetry 13. Whether the measurement of aortic root area wil l be 

helpfull  to prevent aortic root dissection in Marfan patients remains to be investigated. 

Untill  guidelines are available for prophylactic aortic root replacement based on aortic 

roott area, the correlation between aortic root area and diameter described in the present 

studyy may be of assistance in the risk assessment of Marfan patients. 

Conclusion n 
InIn our study we found no clinically relevant difference between MR imaging and 

echocardiographyy in the assessment of the non coronary cusp to right coronary cusp 

aorticc root diameter. In the majority of Marfan patients the largest aortic root diameter 

mightt not be detected with the standard echocardiographic measurements. Large 

variationss in aortic area were found for all diameters, indicating variable asymmetry 

off  the aortic root. As a result, MR imaging is well suited to assess asymmetric dilation 

off  the aortic root, which may be of importance in unexpected aortic root dissection in 

patientss with Marfan syndrome. 
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Introductio n n 
Thee Marfan syndrome is an autosomal dominantly inherited disorder  of connective 

tissuee caused by a mutation in the fibrilli n 1 gene 1. As fibrillin- 1 is a component of 

thee myocardium it has been speculated that the fibrilli n defect may predispose patients 

withh the Marfan syndrome to left ventricular  (LV) dilatation and reduced LV function 2, 

Duee to aortic or  mitra l regurgitation in patients with the Marfan syndrome, LV 

dimensionss are often increased. Aim of this study was to investigate LV dimensions 

andd systolic function in a large group of patients with the Marfan syndrome free of 

significantt  heart valve disease. 

Methods s 
AA total of 529 consecutive patients diagnosed with the Marfan syndrome (according to 

thee revised Ghent criteria) were identified in 4 university hospitals. Only the 234 

patientss without previous aortic root surgery and without significant aortic and/or 

mitra ll  valve regurgitation noted on the echocardiograms were included in our  study. 

Inn these 234 patients, LV end diastolic diameter  (EDD) and LV end systolic diameter 

(ESD)) were derived from the echocardiogram (M-mode or  2D) 3. The predicted normal 

valuess for  LVEDD and LVESD were calculated for  each patient according to their  age 

andd body surface area using Henry's regression equations 4. The LV dimension was 

expressedd as percentage of the predicted value according to the following formula: 

observedd dimension/ predicted normal value *100. We defined this as the relative 

LVEDDD (%) or  relative LVESD (%). Fractional shortening was calculated using the 

formula::  (LVEDD-LVESD)/LVEDD * 100. 

Inn this study we analysed the incidence of dilated cardiomyopathy To establish the 

diagnosiss for  dilated cardiomyopathy two criteri a had to be fulfille d 1) relative LVEDD 

>> 117 % (mean +2 SD +5%); and 2) fractional shortening <25 %  5. The first and most 

recentt  echocardiograms were compared in 196 patients to determine any change in 

LVV size or  systolic function over  time. 

Statisticall  analysis 
Dataa are described as frequencies or  as means with standard deviations. Follow up 

timess are expressed as mean and range. Differences between patient subgroups with 

respectt  to proportion s were tested with the Chi-square test and differences on 
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continuouss variables with the Student's t-test. A two sided significance level of 0.05 

wass used for each statistical test. 

Results s 
Thee clinical characteristics of 234 adult patients with the Marfan syndrome without 

significantt valvular regurgitation are shown in table 1. On the first echocardiogram 

thee mean LVEDD was 50  6 mm (relative LVEDD102  10 %, range 75-136 %) and mean 

fractionall  shortening was 37  6 % (range 19-54 %). Mean LVESD was 32  5 mm (relative 

LVESDD 101  14 % range 63 %-l60%). In 17 patients (7%) the LVEDD was above 117 % (2 

SDD + 5%) of the predicted value (relative LVEDD 124  6 % (range 118-136%). However, 

inn none of these patients FS was below 25% (fig 1) according to the second criterion for 

dilatedd cardiomyopathy. Records of these 17 patients with LVEDD > 117% were reviewed 

forr systemic arterial hypertension, signs of coronary artery disease, alcohol consumption, 

sustainedd supraventricular arrhythmias, systemic disease such as amyloidosis and 

hemochromatosis,, pericardial disease, diabetes and drug-induced cardiomyopathy. None 

off  these factors could explain the increased LVEDD in these patients. 

Inn these 17 patients the relative LVESD and aortic root diameter were significantly 

increasedd compared to patients with a relative LVEDD < 117% (relative LVESD 124

155 % vs 99  12 %, p<0.01, respectively; aortic root diameter: 44  6 vs 39  5 mm, 

p<0.01,, respectively). 

Inn 45 patients LV dimensions were not entirely normal: 22 patients LVEDD > 112 % (2 

**  SD), 21 patients FS < 30 % and 2 patients LVED >112 % and FS <30%6J. 

Noo significant difference in LVEDD or in heart frequency was observed in patients 

withh and without beta-blocking therapy (p=0.17: p=0,08, respectively). 

Tablee 1. Clinical characteristics of 234 patients with the Marfan syndrome without significant valvular 
regurgitation n 

Malee 115(49%) 
Agee first echo (years) 29  11 
Rangee (years) 17-70 

Meann Body Surface Area (m2) 2.0  0.2 
Meann aortic root diameter (mm) 39  6 
Betaa blocking therapy 70 (30 %) 
Meann follow-up (years) 6 
Rangee 3 months-15 years 

Valuess are expressed as means  SD or as number (frequencies %) 
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Figuree 1: Relative LVEDD and FS in 234 patients with Marfan syndrome without significant valvular 
regurgitation.. Dashed lines indicate borders of dilated cardiomyopathy (see text). In none of the patients 
thee criteria for dilated cardiomyopathy were fulfilled for both LVEDD and FS (left upper quadrant). 
LVEDD:LVEDD: Left Ventricle End Diastolic Diameter; FS: Fractional Shortening. 

Follow-up p 
Thee first and most recent echocardiograms were compared in 196 patients with the 

Marfann syndrome to determine any change in LV size or function over time. During a 

meann follow up of 6 years (range: 3 months to 15 years) no abnormal change in mean 

relativee LVEDD (%) (first 103  10 % vs last 104  11) %, p=0.08) was observed, (fig 2) 

Also,, no change in mean relative LVESD (first 101  14 % vs last 101  15 % p=0.6) or 

meann FS (first 37  6 % vs last 38  7 % p=0.06) was observed. In the patients with a 

relativee LVEDD > 117 %, no significant change between the first and last measurement 

wass seen during 6 years follow up (mean relative LVEDD 125  6 % vs 124  5 %. 

p=0.44 and mean FS 35  6 % vs 35  6 %, p=0.4). Again none of these patients fulfilled 

bothh criteria for cardiomyopathy. Another 6 patients surpassed the cut off value of 

117%% of the predictive LVEDD, also without a FS < 25%. 
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Figuree 2: Comparison of the relative LVEDD on the first and most recent echocardiogram. 
Duringg 6 years of follow up another 6 patients surpassed the cut off value of 117% of the predicted 
LVEDD,, again without a decreased FS. LVEDD: Left Ventricle End Diastolic Diameter; FS: Fractional 
Shortening. . 

Discussion n 
Ourr study provides LV dimensions and systolic function in a very large population of 

patientss with the Marfan syndrome without significant valvular regurgitation. Left 

ventricularr dimensions and systolic function were normal in most patients with the 

Marfann syndrome. Although the left ventricle was dilated in 7% of patients with the 

Marfann syndrome, the criteria for idiopathic dilated cardiomyopathy were not fulfilled 

inn any patient. During 6 years follow up no abnormal change in LV dimensions or 

systolicc function was observed. 

Speculationss have been made that LV dilatation and reduced LV function is a common 

findingg in patients with the Marfan syndrome due to a fibrilli n defect in the 

myocardiumm or increased aortic wall stiffness which may lead to increased LV afterload 

andd associated LV dilatation 2b&. Yetman et al observed LV dilatation in 68% of 70 

youngg patients with the Marfan syndrome (median age of 17 years), including, however, 

patientss with valvular regurgitation 6. Heart transplantation for heart failure has been 

reportedd in patients with the Marfan syndrome, but the prevalence of valvular 

regurgitationn in these studies was unclear 9 1 0 1 1. 
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Twoo studies have studied the incidence of LV dilatation and function in a small patient 

groupp with the Marfan syndrome without valvular  regurgitation. Savolainen et al found 

noo statistically significant difference in LV size and systolic function between 22 

childrenn with the Marfan syndrome and 22 age matched healthy children 12. In a study 

off  Chatrath et al, 7 of the 36 adult patients (19%) with the Marfan syndrome without 

significantt  valvular  regurgitation showed enlarged LVEDD with normal left ventricular 

systolicc function 13. 

Inn our  study, the left ventricle was dilated in 17 of 234 (7%) patients with the Marfan 

syndrome;;  however  the diagnosis for  dilated cardiomyopathy could not be made in 

anyy of our  patients. The incidence of dilated left ventricle was lower  than reported by 

Chatrathh et al, even if we used a milder  criterion for  dilated LVEDD (relative LVEDD + 

2**  SD). This is probably due to the fact that our  population was larger  and no selection 

biass had occurred. 

Duringg 6 years of follow up no abnormal change in LV dimensions and systolic function 

wass observed, nonetheless 6 patients developed enlargedd LVEDD. Again, none of these 

66 patients fulfille d the criteri a for  idiopathic dilated cardiomyopathy. 
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Introductio n n 
Althoughh prophylactic composite graft repair of the aortic root contributed considerably 

too an increased survival of patients with the Marfan syndrome 1 a high frequency of 

earlyy and late post operative complications has been reported 2'5. A relatively unknown 

post-- operative complication is coronary ostial aneurysm 6"9. Better survival rates as a 

resultt of improved surgical techniques and developments in new imaging techniques, 

suchh as magnetic resonance (MR) imaging, have resulted in increased findings of 

coronaryy ostial aneurysms 10"11. The prevalence and clinical importance of coronary 

ostiall  aneurysms are not yet known. The present study was undertaken to analyse the 

prevalencee of coronary ostial aneurysms in patients with Marfan's syndrome after 

electivee aortic root replacement. 

Methods s 
Studyy population 
Afterr providing written informed consent, 40 consecutive patients with Marfan's 

syndromee (29 men, 11 women, mean age 36  12 yrs) from the outpatient clinic of the 

Academicc Medical Center in Amsterdam (24 patients) and of the Toronto General 

Hospitall  in Toronto (16 patients) underwent MR imaging 3 months to 19 years (mean 

5.11  4.6 years) after elective aortic root surgery. Diagnosis of Marfan syndrome was 

establishedd according to the Ghent Criteria u . To obtain a homogeneous population, 

patientss with a previous aortic root dissection were excluded from the study. Thirteen 

patientss underwent an aortic valve sparing operation (David operation) 13 and 27 

patientss underwent a composite replacement of the aortic valve and ascending aorta 

(modifiedd Bentall procedure) 14, For reimplantation of the coronary arteries, direct 

suturee was used in 10 patients and the button technique in 30 patients (17 Bentall, 13 

David)15.. In both techniques the opening in the graft was never larger than twice the 

areaa of the native coronary artery orifice, with a maximal opening of 7 mm in diameter. 

Magneticc resonance imaging and analysis 
Alll  patients underwent MR imaging between 1998 and 2000. Imaging was performed 

onn 1.5 Tesla MR system (either Signa, GE Medical systems, Milwaukee, Wisconsin; or 

Magnetomm Vision, Siemens Medical Systems, Erlangen, Germany), using similar pulse 

sequences.. Conventional breath-hold contrast-enhanced-3D gradient-echo MR 

angiographyy (CE-MRA) was used to visualize the entire aorta and the reimplanted 
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coronaryy ostia. Next a high resolution gradient echo pulse sequence with a velocity 

encodingg gradient was applied perpendicular to the aorta at 3 levels as indicated in 

figuree 1: (1) perpendicular to the thoracic descending aorta at the level of the bifurcation 

off  the pulmonary artery, (2) the descending aorta at the level of the diaphragm, and (3) 

justt above the aortic bifurcation. Maximal velocity encoding was 250 cm/s. This resulted 

inn multi-phase image pairs of modulus and velocity encoded images with a temporal 

resolutionn of approximately 25 ms through the cardiac cycle and a spatial resolution 

off  approximately 1 pixel/mm. Distances between the levels were measured on the 

consolee of the MRI scanner by drawing a line through the middle of the aortic lumen 

onn sagittal CE-MRA images. During each flow measurement, the brachial artery systolic 

andd diastolic blood pressure was measured by means of a sphygmomanometer cuff. 

AA SUN workstation and the FLOW ® image analysis software (Medis, Leiden, The 

Netherlands)) were used for image analysis. Aortic contours were drawn manually on 

thee modulus images of all cardiac phases and flow (ml/s) through each aortic level was 

calculatedd using the areas on the modulus images and the velocity values of the 

correspondingg velocity encoded images. The diameters of the reimplanted coronary ostia 

weree measured from superior to inferior perpendicular to the aortic wall on a CE-MRA 

Figuree 1 
Levelss perpendicular to the aorta applied for CE-MRA 
imagingg with velocity encoding. Distensibility was 
assessedd at these three levels and flow wave velocity 
waswas calculated from levels 1-3. See text for details. 
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imagee by two authors who rendered a consensus opinion. We applied the following 

definitions::  Coronary ostial aneurysms were the diameter  of the reimplanted coronary 

ostiumm > 10 mm on MRI 7. Distensibility (D, 10 3 mmHg1) at each level was D = Umax-

Amin)/(AminAmin)/(Amin * {Pmax- Pmin)), where Amax was maximum aortic area, Amin was the 

minimumm aortic area, Pmax was the systolic blood pressure, and Pmin was the diastolic 

bloodd pressure. Flow wave velocity (FWV; meters per second) of the descending aorta 

betweenn level 1 and 3 was the ratio of distance between the levels and the time difference 

betweenn arrival of the pulse wave at these levels. The flow wave was considered to 

arriv ee at a certain level when the mean flow reached half of its maximum value. 

Wee investigated the following determinants of the prevalence of coronary ostial 

aneurysms::  (1) gender, (2) age at time of surgery, (3) time after  surgery, (4) surgical 

techniquess (direct suture or  button), (5) treatment with p-blocking agents, (6) aortic 

roott  diameter  before elective repair, (7) family history positive for  the Marfan 

syndrome,, (8) family history positive for  dissection, and (9) descending aortic elastic 

propertiess (local distensibility and flow wave velocity) in 30 patients. 

Statisticall  analysis 
Dataa are described as frequencies and means with standard deviations. Descriptive 

statistics,, Fisher's exact probabilit y test, Cochran -Armitage test for  trend, and unpaired 

Student'ss t tests were performed when appropriate. Relative risks and corresponding 

confidencee intervals were calculated according Katz's method. A p-value of <0.05 was 

consideredd significant. 

Results s 
Off  the 40 patients with Marfan syndrome who underwent surgery, 17 patients (43%) had 

coronaryy ostial aneurysms (Figure 2). Seven patients had coronary ostial aneurysms in 

bothh reimplanted coronary arteries, 3 patients had aneurysms only in the left reimplanted 

coronaryy artery, and 7 patients had aneurysms only in the right reimplanted coronary 

artery.. Four  out of 10 patients had coronary ostial aneurysms after  direct suture (mean 

followw up 11  5 years) and 13 out of 30 had coronary ostial aneurysms after  the button 

techniquee (mean follow up 3  2 years). When the button technique was used, the 

prevalencee was similar  in patients who had been operated recently (< 3 years) versus less 

recentlyy (>3 years) (47% vs. 39%, p=0.72). Moreover, no relevant difference in diameter  of 

thee coronary ostial aneurysms was found between early and late follow up. 
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Figuree 2 Coronary ostium after aortic root replacement on a CE-MRA image. (A) Coronary ostial 
aneurysmm in the right coronary origin. (B) Normal coronary ostium in the right coronary origin. 

Tablee 1 Determinants of the prevalence of coronary ostial aneurysm 

Variable e Presencee of coronary 
ostiall  aneurysm 

Relativee Risk 
(95%%  CO 

p-Value e 

Gender r 
Male e 
Female e 

Agee at operation (years) 

<35 5 
>35 5 

Operation n 
Directt Suture 
Button n 

Aorticc root diameter before operation (mm) 
>> 65 (mm) 
55-655 (mm) 
<< 55 (mm) 

Familyy history 
Mutant t 
Marfann family 

Dissectingg family 
Dissectingg family 
Non-dissectingg family 

41%% (12/29) 
46%% (5/11) 

56%% (15/27) 
15%% (2/13) 

40%% (4/10) 
43%% (13/30) 

71%% (5/7) 
18%% (2/11) 
46%% (10/22) 

50%% (7/14) 
39%% (10/26) 

32%% (6/19) 
52%% (11/21) 

--
0.99 (0.4-2.0) 

--
3.6(1.0-14) ) 

1.6(0.8-3.0) ) 
0.4(1.1-1.5) ) 

--

--
1.3(0.6-2.7) ) 

--
0.6(0.3-1.3) ) 

1.00 0 

0.02* * 

0.57* * 

0.52 2 

0.22 2 

**  P< 0.05. t test for trend (Cochran -Armitage). CI denotes confidence interval. - denotes reference 
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Tablee 1 shows the prevalence of coronary ostial aneurysms by gender, age at operation, 

surgicall  techniques, aortic root diameter before elective repair, family history of the 

Marfann syndrome, and family history of aortic dissection. Coronary ostial aneurysms 

weree seen in 56% (15 of 27) of patients < 35 years of age at operation, versus 15% (2 of 

13)) of patients > 35 years old (p=0.02). No significant difference in phenotypic feature 

orr in familyy history could be demonstrated between these 2 groups. There was no relation 

betweenn aortic root diameter and the prevalence of coronary ostial aneurysms. Fourteen 

off  the 31 patients on p-blocking agents had coronary ostial aneurysms compared with 3 

off  9 patients who were not on (^-blocking agents (45% vs. 33%, p=0.71). 

Tablee 2 shows distensibility and flow wave velocity for patients with and without 

coronaryy ostial aneurysms. High aortic flow wave velocities were found in the 

descendingg aorta, but did not differ between patients with and without coronary ostial 

aneurysms.. Local distensibility was low at all levels; however, no relevant differences 

betweenn patients with and without coronary ostial aneurysms were found. 

Tablee 2 Association of elastic properties with coronary ostial aneurysm. 

Coronaryy ostial aneurysms 

Elasticc properties 

Dll  (KT3 mmHg1) 
02(10̂ ^ mmHg1) 
D33 (10~3 mmHg'1) 
FWVV 1-3 (ms1) 

(n«12) ) 

2(1) ) 
4(3) ) 
4(2) ) 
6(1) ) 

(n=18) ) 

3(2) ) 
5(3) ) 
3(2) ) 
5(2) ) 

Totall  (n=30) 

2.55 (1.5) 
55 (3) 
33 (2) 
55 (2) 

p-Value e 

0.5 5 
0.6 6 
0.6 6 
0.7 7 

Valuess are in mean (SD); D = distensibility level, FWV = flow wave velocity 

Discussion n 
Thiss is the first study to evaluate the prevalence of coronary ostial aneurysms in a 

homogenouss population of patients with Marfan's syndrome who underwent elective 

surgery.. Our results indicate that coronary ostial aneurysm is a common, probably low-

riskk finding in patients with Marfan syndrome after elective aortic root surgery 6"9. 

Coronaryy ostial aneurysms were more frequently seen in patients < 35 years of age at 

operationn versus those > 35 years of age. Time after operation, using the button 

technique,, did not influence the prevalence of coronary ostial aneurysms. Therefore, 

itt seems likely that coronary ostial aneurysms are not progressive and develop due to 

perioperativee stretch of the weakened wall of the coronary ostium. 
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Introductio n n 
Aorti cc elasticity has been identified as a potential risk factor  for  aortic complications 1" 3. 

Groeninkk et al demonstrated decreased aortic elasticity determined by measurement of 

locall  distensibility and flow wave velocity (FWV) with magnetic resonance (MR) imaging 

inn patients with Marfan syndrome who did not undergo operation 4. Aorti c elasticity 

afterr  aortic root replacement (ARR) has not yet been investigated, but Imawaki et al 

demonstratedd decreased aortic distensibility in patients with the Marfan syndrome after 

surgeryy of the abdominal and thoracic aorta 1. 

Thiss study investigates the feasibility of MR imaging for  assessing aortic elasticity in 

patientss with the Marfan syndrome after  elective ARR, and compares aortic elasticity in 

thesee patients with the aortic elasticity off  patients with Marfan syndrome who did not 

undergoo surgery using MR imaging. 

Methods s 
Patientt  group 
Inn all, 133 consecutive patients with the Marfan syndrome without previous aortic 

dissectionn (mean age 32, age range 16-55 years) underwent cardiac MR imaging from 

Septemberr  1996 to Apri l 2001. The diagnosis of the Marfan syndrome had been 

establishedd according to the Ghent Criteri a 5. After  initia l inclusion, 16 (12%) patients 

weree excluded because of triggering problems during image acquisition or  poor  image 

quality.. The remaining 117 patients were divided into 2 groups: 1) 78 patients with 

Marfann syndrome without ARR (mean age 31  8 years, age range 18-50 years), and 2) 

399 patients with Marfan syndrome with elective ARR (mean age 32  11 years, age 

rangee 16-55 years). Of the 39 patients who underwent surgery, 36 had composite valve 

graftt  replacements; the remaining 3 underwent aortic valve-sparing operations. The 

studyy was approved by the local ethical committee, and individual oral and writte n 

informedd consent was obtained in each patient. 

Magneticc Resonance Imaging 
MRR Imaging was performed with a 1.5 Tesla MR system (either  Philips ACS NT15, Philips 

Medicall  Systems, Best, the Netherlands; Signa, GE Medical systems, Milwaukee, 

Wisconsin,, USA; or  Magnetom Vision, Siemens Medical Systems, Erlangen, Germany) 

usingg similar  pulse sequences. Image acquisition was triggered on the electrocardiogram. 

Thee entire aorta was imaged in the transverse and oblique sagittal planes by using a 
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Figuree 1 
(a)) MR image showing the aorta in the 
longg axis view of a patient with Marfan 
syndromee with an aortic root 
replacementt in which the graft is 
drawn,, (b) Levels perpendicular to the 
aortaa applied for gradient echo MR 
imagingg with velocity encoding. 
Distensibilityy and diastolic diameter 
weree assessed at these 4 levels. Flow 
wavee velocity between these levels was 
calculated. . 

standardd spin-echo pulse sequence. Next, a high resolution gradient echo pulse sequence 

withh a velocity encoding gradient was applied perpendicular to the aorta at 4 levels 

(Figuree 1); 1) the ascending aorta, 2) descending aorta at the level of the bifurcation of 

thee pulmonary artery, 3) descending aorta at the level of the diaphragm, and 4) just 

abovee the aortic bifurcation. Maximal velocity encoding was chosen at 150 cm/sec and 

wass increased to a maximum of 250 cm/s when aliasing occurred. This resulted in 

multi-phasee image pairs of modulus and velocity encoded images with a temporal 

resolutionn of approximately 25 ms through the cardiac cycle and a spatial resolution 

off  approximately 1 pixel/mm. Distances between the levels were measured on the 

consolee of the MR system by drawing a line through the middle of the aortic lumen on 

thee oblique sagittal images. During each flow measurement, the brachial artery systolic 

andd diastolic blood pressure was measured by means of a sphygmomanometer cuff. 

AA workstation (Sparc Ultra; Sun Microsystems; Mountain View, Calif.) and the FLOW ® 

imagee analysis software (Medis, Leiden, The Netherlands) were used for image analysis. 

Aorticc contours were drawn manually on the modulus images of all cardiac phases and 

flowflow (ml/s) through each aortic level was calculated using the areas on the modulus 

imagess and the velocity values of the corresponding velocity encoded images. 

Floww wave velocity (FWV, meters per second) was calculated as the ratio of distance 

betweenn 2 levels and the time difference between arrival of the flow wave at these 

levels.. The flow wave was considered to arrive at a certain level when the flow reached 

halff  of its maximum value. Consequently, FWV was determined in the entire aorta distal 

too the aortic root (from level 1 to level 4, FWV 1 to 4) and in 3 segments of the aorta; 
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aorticc arch (level 1 to level 2, FWV 1 to 2), descending thoracic aorta (level 2 to level 3. 

FWVV 2 to 3) and abdominal aorta (level 3 to level 4, FWV 3 to 4). 

Distensibilityy at the 4 levels was calculated by means of the following equation: 

(Amaxx - Amin) 
D = = 

Amin**  (Pmax - Pmin) 

DD = distensibility (103 mmHg'1), Amax = maximal (systolic) aortic area (mm2), 

Aminn = minimal (diastolic) aortic area (mm2), Pmax = systolic blood pressure (mmHg) 

andd Pmin = diastolic blood pressure (mmHg). 

Statisticall  analysis 
Dataa are given as mean  SD. Differences between the groups were assessed by the 

unpairedd Student's ttest. Statistical analysis was performed with the SPSS statistical 

packagee (SPSS Inc, Chicago, Illinois, USA). The level of significance was set at p < 0.05. 

Results s 
Theree were no significant differences in clinical characteristics between patients with 

Marfann syndrome with and without ARR (Table 1). No significant differences in Marfan-

relatedd phenotypic features or in familial involvement could be demonstrated between 

thee 2 groups. 

Tablee 2 lists data on aortic diameters. The differences in aortic diameter between both 

groupss were only marginally significant at levels 1 and 2 (both p< 0.05). Furthermore, 

Tablee 1 Clinical characteristics of the patients with Marfan syndrome. 

Male e 
Female e 
Agee (years) 
Bodyy surface area (m2) 
Meann blood pressure (mmHg) 
Beta-blockerr  use 
Familyy history of the Marfan syndrome 

negative e 
positive e 
positivee for  dissection 

Nonoperatedd (n=78) 

466 (59%) 
322 (41%) 
311 8 

2.011  0.19 
800 8 
533 (68%) 

30(38%) ) 
13(17%) ) 
355 (45%) 

Operatedd (n=39) 

299 (74%) 
10(26%) ) 
322 1 

2.088  0.23 
811  11 
31(80%) ) 

211 (54%) 
3(8%) ) 

155 (38%) 

Note.-Forr comparisons of all characteristics, p values were greater than 0.05-
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Tablee 2 Aortic diameters and aortic elasticity patients with Marfan syndrome with and without 
aorticc root replacement. 

Diameterr (mm) 
Levell  1 
Levell  2 
Levell  3 
Levell  4 

Distensibilityy (10'3 mmHg'1) 
Levell  1 
Levell  2 
Levell  3 
Levell  4 

Floww wave velocity (m/s) 
Levell  1-2 
Levell  2-3 
Levell  3-4 
Levell  1-4 

Nonoperatedd patients 
(n=78) ) 

30.99  3.2 
23.33  2.3 
20.33  2.6 
18.22  3.4 

3.00  2.6 
3.44  1.9 
5.11  2.0 
3.88  2.2 

4.44  1.1 
6.77  2.2 
5.55  1.5 
5.22  0.8 

Operatedd patients 
(n=39) ) 

29.55  4.0+ 

24.44  2.6 
21.00  4.0 
17.99  3.9 

2.00  0.8+ 

3.44  2.0 
5.55  2.4 
4.44  2.2 

4.88  1.5 
6.66  2.8 
5.55  2.4 
5.22  1.3 

p-Value e 

<< 0.05 
<< 0.05 

ns s 
ns s 

<< 0.01 
ns s 
ns s 
ns s 

ns s 
ns s 
ns s 
ns s 

Valuess are expressed as mean . + Assessed in the graft, ns = not significant. 

att level 1, differences were assessed between the fixed diameter of the tube graft and the 

diameterr of the native ascending aorta. At the other 2 levels no significant differences in 

diameterr were observed. 

Noo significant difference in distensibility between patients with and without ARR 

wass shown at all native aortic levels (Table 2). Distensibility in the tube graft (level 1) 

wass significantly lower than ascending aortic distensibility in patients without ARR. 

Noo significant differences in FWV between patients with and without ARR were 

demonstratedd (Table 2 and Figure 2). 
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Figuree 2 
Differencee in flow wave velocity assessed 
inn the aortic arch (FWV 1-2) between 
patientss with Marfan syndrome with and 
withoutt an aortic root replacement. 
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Figuree 3 Graphs showing the linear correlation between age and flow wave velocity in the aortic arch 
(A),, and the entire aorta (B). The 95% confidence limits of the true regression line are indicated with 
dashedd lines. 

Inn patients with Marfan syndrome with ARR, a positive correlation between age and 

FWVV in both the aortic arch (r = 0.61) and the entire aorta (r = 0.68) was observed 

(Figuree 3). Correlation in the descending thoracic aorta and abdominal aorta was r = 

0.522 and r = 0.26, respectively. In patients with Marfan syndrome without ARR no 

correlationn between age and FWV was observed. 

Discussion n 
Inn the present study we used MR imaging to compare aortic elasticity of patients with 

Marfann syndrome with elective ARR with aortic elasticity of patients with Marfan 

syndromee who did not undergo surgery. We demonstrated no significant differences 

inn aortic elasticity between patients with Marfan syndrome with and without ARR. 

Furthermore,, a positive correlation between age and flow wave was shown only in 

patientss who underwent surgery. To our knowledge, this is the first study on aortic 

elasticityy in patients with Marfan syndrome after elective root replacement. 

Noninvasivee techniques such as echocardiography and MRI have been used to 

determinee aortic elasticity 6"8. In previous studies,, MRI has proved to be a very accurate 

techniquee to detect abnormal aortic elasticity, with good interobserver and 

intraobserverr reproducibility (differences < 5-5 %) 4'8,9. Aortic elasticity of the 78 

patientss with Marfan syndrome who did not undergo surgery was decreased compared 

withh matched controls, as has been previously reported 4. Also in patients with Marfan 
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syndromee with elective ARR, aortic elasticity was decreased. This underscores the finding 

thatt patients with Marfan syndrome after ARR are at considerable higher risk of dissection 

andd recurrent aneurysms than patients with another etiology of aortic disease 10~n. The 

mostt significant predictor of subsequent vascular complications is aortic dissection, 

acutee or chronic, present at the time of initial operation 12"15. Finkbohner et al 

demonstratedd no difference in incidence of aneurysm or dissection in the thoraco-

abdominall  aorta between electively operated and non-operated patients with Marfan 

syndromee during a follow-up period of > 25 years 12. This is in agreement with our 

findingss of comparable aortic elasticity in non-operated and electively operated patients, 

suggestingg that patients after an elective ARR may not be at higher risk for aortic 

complicationss in the residual aorta than non-operated patients. 

Inn patients with ARR, a positive correlation was found between age and FVW in both 

thee aortic arch and entire aorta. In the descending thoracic and abdominal aorta this 

correlationn was lower, which was also observed in a recent study by Rogers et al  14. 

Agee is an important determinant of arterial elasticity and it is generally accepted that 

arteriall  elasticity tends to decrease with age 14"17. 

Inn conclusion, MR imaging enables the assessment of aortic elasticity in patients with 

Marfann syndrome with elective aortic root replacement. Aortic elasticity between 

patientss with Marfan syndrome with and without aortic root replacement did not 

showw any differences. 
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Abstract t 
Objective: : 

fi-blockingfi-blocking therapy is the standard therapy in non-operated Marfan patients, however 

itss efficacy after entire aortic replacement is unknown. The aim of this study was to 

describee the influence of (nearly) entire aortic replacement and fi-blocking therapy on 

bloodd pressure and wave reflections in Marfan patients. 

Methods: : 

Fourr Marfan patients (mean age 31  3 years) and 8 age matched control subjects 

weree studied. Blood pressure and wave reflections (reflection coefficient and 

augmentationn index) were studied by means of magnetic resonance imaging, 

continuouss non-invasive blood pressure measurements and applanation tonometry. 

Patientss were studied with atenolol, labetalol and without fi-blocking therapy. 

Results: : 

InIn Marfan patients, aortic systolic pressure (129  13 mmHgvs 114 0 mmHg), pulse 

pressuree (58  13 mmHg vs 40  5 mmHg), wave speed (11  3 m.s_1 vs 4  0.4 m.s*1) 

andd reflection coefficient (65  22% vs 41  5%) were significantly increased compared 

too controls. There was no difference in aortic pressure between various medications in 

Marfann patients (atenolol 129/76 mmHg, labetalol 121/75 mmHg and without fi-blocking 

therapyy 129/71 mmHg). Higher reflection coefficients were seen in patients with atenolol 

comparedd to discontinued medication (73  18% vs 65  22%), and also the augmentation 

indexx was higher with atenolol compared to labetalol and discontinued medication 

(244  22% vs 17  17% vs 22  22 %, respectively). 

Conclusion: : 

Ourr results describe increased pulse pressure, systolic pressure, wave speed and wave 

reflectionss in 4 Marfan patients after entire aortic replacement. The use of atenolol or 

labetaloll  did not decrease aortic pressure and with atenolol increased wave reflections 

weree observed. Therefore, the beneficial effect of atenolol in these patients is doubtful. 
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Introductio n n 
Availabilit yy of surgical techniques for  prophylactic aortic root replacement have greatly 

improvedd lif e expectancy in the Marfan' s syndrome 13. However, after  aortic root 

replacementt  patients with Marfan' s syndrome deserve continued attention, because 

aneurysmss and dissection of the aorta may develop beyond the site of the graft4. Due 

too improvements in surgical techniques it is currently possible to replace the entire 

aortaa with a Dacron graft5'6. In these patients, vulnerable Marfan tissue is still left in 

thee button of main side branches at reimplantation sites 7,&. 

Inn non-operated patients with Marfan' s syndrome, use of B-adrenergic blocking therapy 

hass been shown to reduce the rate of aortic dilation and the development of aortic 

dissectionn 9,1°. After  aortic surgery fi-blocking therapy is frequently continued, however 

it ss efficacy has never  been demonstrated. Rigidity of the artificia l grafts and increased 

vascularr  resistance during B-adrenergic blockade may increase wave reflections in the 

aorta,, thereby increasing wall stress in the main side branches 11'13. 

Thee aim of the present observational study was to investigate blood pressure and 

wavee reflections in patients with Marfan' s syndrome after  entire aortic replacement 

andd to describe the influence of fi-blocking agents on aortic pressure. 

Materiall  and methods 
Studyy subjects and protocol 
Fourr  patients with Marfan' s syndrome after  entire or  nearly entire aortic replacement 

weree studied. Table 1 describes the patient characteristics. 

Thee 4 patients with Marfan' s syndrome were studied without fi-blocking therapy, with 

1000 mg atenolol daily and 200 mg labetalol daily, subsequently. Patients underwent 

magneticc resonance imaging (MRI) immediately followed by non-invasive blood pressure 

measurementss (Finometer™) 14 and applanation tonometry of the carotid arteries 15, 

initiall yy without fi-blocking therapy and 3 weeks later  with atenolol. Patients were 

switchedd to labetalol and after  three weeks only Finometer™ and applanation tonometry 

weree performed. Due to logistical reasons we were not able to perform MRI scans during 

labetaloll  medication. Details of the study protocol are summarized in figure 1. A group of 

88 age and -sex matched healthy subjects without vascular  disease (mean age 30  5 years; 

55 men, 3 women) served as a reference population. They underwent MRI and Finometer™ 

withoutt  fi-blocking therapy. The local ethical committee approved the study and individual 

orall  and written information was obtained in each patient. 
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Tablee 1. ftitient  characteristics. 

Age// Family history 
Gender r 

Marfann 1 31 F 

Marfann 2 33 M 

Forr  Marfan syndrome 
Forr  Dissection 

Forr  Marfan syndrome 
Forr  Dissection 

Medication n 

Lisonipri ll  5 mg daily 
Atenololl  100 mg daily 
Acenocoumarol l 

Captoprill  50 mg daily 
Atenololl  100 mg daily 
Acenocoumarol l 

Previouss aortic surgery 

Emergencyy Bentall for 
typee A dissection. 
Abdominall  aortic 
replacement t 
Aorti cc arch replacement 

Thoracoabdominall  aortic 
replacement t 
Typee B dissection 
(conservativee treatment) 
Electivee Bentall and aortic 
archh replacement 
Thoracoabdominall  aortic 
replacement t 
Replacementt  of common 
iliacc arteries 

Marfann 3 27 M For  Marfan syndrome Atenolol 100 mg daily Emergency Bentall for 
Acenocoumaroll  type A dissection 

Aorti cc arch replacement 
Typee B dissection 
Thoracoabdominall  aortic 
replacement t 
Replacementt  of common 
iliacc arteries 

Forr  Marfan syndrome Labetalol 200 mg daily Emergency Bentall for 
Forr  Dissection Type A dissection 

Aorti cc arch replacement 
Thoracoabdominall  aortic 
replacement t 

F== Female, M= Male 

Marfann 4 29 F 

Magneticc Resonance Imaging 
Imagingg was performed on Siemens Vision 1.5 Tesla MR system (Siemens Medical 

Systems,, Erlangen, Germany). Image acquisition was triggered on the electrocardiogram. 

Conventionall  breath-hold contrast-enhanced-3D gradient-echo MR angiography (CE-

MRA)) was used to visualize the entir e aorta. 

Forr  assessment of aortic flow curves and for  the elastic properties of the Dacron aorta 

thee following sequences were applied. A high resolution gradient echo pulse sequence 

wit hh a velocity encoding gradient was applied perpendicular  to the aorta at 3 levels: 

perpendicularr  to (1) the ascending and (2) descending aorta at the level of the 

bifurcatio nn of the pulmonary artery, and (3) just above the aortic bifurcation 10. Durin g 
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Weekk 0 Week 3 
Stopp B-blocker 

Weekk 6 Weekk 9 
atenolol l labetalol l 

-MRI I 
-Finometer™ ™ 
-Applanation n 
tonometry y 

-MRI I 
-Flnometer™ ™ 
-Applanation n 
tonometry y 

-- Finometer™ 
-- Applanation 
tonometery y 

Figuree 1: Study protocol. 

thee flow measurements, blood pressure and heart rate were measured by means of a 

Dinamapp oscillometric blood pressure monitor. 

FlowFlow wave velocity (FWV, m.s'') of the entire aorta (between level 1-3) was defined as: 

thee ratio of distance between the levels and the time difference between arrival of the 

pulsee wave at these levels. The flow wave was considered to arrive at a certain level 

whenn the mean flow reached half of its maximum value. We call this velocity the wave 

speed. . 

Pressuree transformation from finger to aorta by 
waveformm reconstruction 
Fingerr arterial pressure was measured using Finometer™, the latest development of 

TNOO Biomedical Instrumentation and successor of Finapres™ and Portapres (FMS, 

Amsterdam,, The Netherlands). Measurements were performed directly after the MRI 

scann was made. The patients were supine and at rest to mimic the situation in the 

scanner.. Finger pressure was reconstructed to brachial pressure by Finometer 14'16, 

andd filtered to aortic pressure afterwards with a filter similar to those published in 

literaturee 1718. Reconstructed aortic pressure was averaged over the last 2 minutes of 

thee recording of supine rest. 

Reflectionn coefficient 
Whenn pressure and flow are known at a certain site of the arterial system, the pressure 

wavee can be split in an incident (forward moving) and a reflected (backward moving) 

component19.. The formulas are: 

PPtt = (Pm+ZcFj/2 (la) 

PPtt = (Pm-zcrj/2 (lb) 

PPtt and i>rare incident and reflected pressure waves, Pm and Fm are measured pressure 

andd flow, respectively. Zc is the characteristic impedance at the site of the measurement. 
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Thee reflection coefficient (%) was defined as = (magnitude of the reflected wave/ 

magnitudemagnitude of the incident wave) * 100 

Ass pressure and flow in this study were not measured simultaneously, careful matching 

off  the aortic pressure and flow waves was performed. Characteristic impedance was 

calculatedd as proposed in literature 19. Measured pressure was then split in forward 

andd backward components, using the above formulae. 

Augmentationn index 
Thee carotid pressure wave contour was measured non-invasively by applanation 

tonometryy from the right common carotid artery 15. 

TheThe augmentation index {%) was calculated from the carotid pressure wave contour 

andd was defined as = (the amplitude of the secondary rise in systolic pressure/ pulse 

pressure)) * 100. 

Thee augmentation index was calculated on the same beat as was used to calculate the 

reflectionn coefficient. 

Dataa analysis 
Thee Mann-Whitney test was used to compare the results of control subjects to patients 

withh Marfan's syndrome after entire aortic replacement. A p-value of <0.05 was 

consideredd significant. Because of the low number of patients no statistical tests were 

performedd within this group. The data are presented for descriptive purposes only. 

Results s 
Bloodd pressure response 
Thee mean systolic pressure and pulse pressure were significantly increased in patients 

withh Marfan's syndrome compared to healthy controls (129  13 mmHg vs 114  10 

mmHg,, p<0.05 and 58  13 mmHgvs 40  5 mmHg, p<0.05, respectively). No 

differencess in systolic blood pressure, diastolic blood pressure and pulse pressure 

weree observed when the patients were treated with atenolol, labetalol or without 

medicall  treatment (129/76 mmHg, 121/75 mmHg, 129/71 mmHg, respectively). Heart 

ratee was decreased in the patients using atenolol compared to labetalol or discontinued 

medicationn (67  7 beats/min vs 74  9 beats/min vs 75  11 beats/min, respectively). 
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Reflectionn coefficient and augmentation index 
Figuree 2 shows aortic pressure, corresponding incident and reflected wave, and flow 

curvess from a control subject and a Marfan patient with and without atenolol. 

Thee reflection coefficient was significantly increased in patients compared to controls 

(655  22% vs 41  5%, p<0.05). (See figure 3) There was a trend towards higher 

reflectionn coefficients in patients using atenolol compared to patients without 6-blocking 

therapyy (73  18% vs 65  22%). 

Thee highest augmentation index of the carotid arteries was observed when patients 

usedd atenolol compared to labetalol or discontinued medication (see figure 4) 

(244  22% vs 17  17 % vs 22  22%, respectively). 

150 0 Reflection n 
coefficientt 42% 

II R 

400 0 

a)) Control 

150r r 

o>> 100 

50 0 

Reflection n 
coefficientt 55% 

II R 

0.2 2 0.6 6 1.0 0 

400 0 

^^ 200 

E E 

0.2 2 0 6 6 1.0 0 

b)) Marfan 2, 
noo beta blocker 

150 0 

S>> 100 
I I 

EE 50 

Reflection n 
.. coeff icie nt 61 % 

II R 

/ £ S ^ .. . IT 
0.22 0.6 1.0 

seconds s 

400 0 

J22 200 
E E 

A A 
A A 77 \ i.L„„  . 
0.22 0.6 1.0 

seconds s 

c)) Marfan 2 
Atenolol l 

Figuree 2: In the left panel the aortic pressure and corresponding incident (I) and reflected (R) wave 
aree shown from a) a healthy control subject b) a patient with Marfan's syndrome without J3-blocking 
therapyy and c) the same patient with atenolol. The reflection coefficient (%) is the ratio of the reflected 
wavee to the incident wave times 100. In the right panel the corresponding flow curves are shown. 
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Figuree 3: Reflection 
coefficientt in the descending 
aortaa of control subjects and 
Marfann patients after entire 
aorticc replacement with and 
withoutt 6-blocking therapy 
(atenolol).. BB - = without R-
blockingg therapy 

controll BB- Marfann BB- atenolol l 
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Figuree 4: Augmentation 
indexx in the carotid arteries 
off Marfan patients after 
entiree aortic replacement 
withoutt 13-blocking therapy, 
withh atenolol and with 
labetalol.. BB - = without 6-
blockingg therapy 

atenolol l labetalol l 

Wavee speed 
Thee wave speed was significantly higher in Marfan patients compared to healthy 

controlss (11  3 m.s _1 vs 4  0.4 m.s -1, p<0.05). No difference in wave speed was 

measuredd in patients both with and without atenolol (11  3 m.s _1 vs 12  2 m.s _1)-

Discussion n 
Inn this study, we describe a new method to assess wave reflections in the aorta non-

invasivelyy using MRI and Finometer ™. Due to the stiff Dacron aorta, significantly 

increasedd systolic pressure, pulse pressure, wave speed and wave reflections were 

seenn in the operated patients with Marfan's syndrome compared to healthy controls. 

AA trend towards increased wave reflections was observed during atenolol medication 

inn patients with Marfan's syndrome. Due to these increased wave reflections mean 

aorticc pressure was not decreased by atenolol in patients with Marfan's syndrome 

afterr entire aortic replacement. 
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Technique e 
Waveformm reconstruction provides the possibility to obtain aortic pressure wave shape 

fromm non-invasive measurements as for  instance with Finometer  ™. Combined with 

non-invasivelyy determined flow from MRI, we calculated incident and reflected 

pressuree waves. The reflection coefficient, the ratio of the amplitudes of the waves, is 

onlyy dependent on vasomotor  tone of resistive vessels and vascular  geometry. The 

augmentationn index, however, is not only dependent on the magnitude of the incident 

andd reflected wave, but also on their  shapes and timing. As the shapes and timing of 

thee incident and reflected waves cannot be determined exactly from the pressure only 

(ass recorded from the carotid artery), the augmentation index may not be as accurate 

ass the reflection coefficient. 

Wavee reflections 
Inn our  study, wave reflections in the aorta were increased in patients with Marfan' s 

syndromee after  entire aortic replacement compared to healthy controls. When the 

pressuree pulse travels over  a compliant vascular  bed, wave speed is low and the reflected 

wavee arrives back at the heart late in the cardiac cycle, i.e. in diastole. When the aortic 

valvess are closed as the reflected wave arrives, the extra pressure aids the coronary 

perfusionn 20. Due to the stiff Dacron graft, aortic wave speed is increased in our  patients. 

Thee reflected wave arrives in systole causing an increase in pulse pressure and increase 

inn augmentation index, implying an extra load to the left ventricle1112. In our  patients 

withh Marfan' s syndrome these larger  reflected waves may form a threat for  the button 

off  main side branches at reimplantation sites 7'8. In the long term, dilation of the graft 

mayy be another  risk factor  for  these patients, as Nunn et al found that the degree of 

dilationn tended to be more marked in hypertensive than in normotensive patients 21. 

Therefore,, patients with a prosthetic aorta wil l benefit from medication which reduces 

wavee reflections. 

Effectt  of 6-blocking therapy on aortic pressure and wave reflections 
Usee of 6-blocking therapy has been shown to delay aortic dilation in non-operated 

patientss with Marfan' s syndrome, but its efficacy has never  been demonstrated after 

partiall  or  entire aortic replacement. In our  patient group, atenolol did not decrease 

meann aortic pressure probably as a result of increased wave reflections. 

Att  least in 2 previous studies an increase in wave reflections was observed in 

hypertensivee patients with B-adrenergic blocking therapy (atenolol or  propranolol). 
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InIn a study of 471 hypertensive patients, the augmentation index increased with atenolol 

(1.88 %) and decreased with a perindopril/indapamide combination (3.1%) 22. In 12 

hypertensivee patients, Ting et al, observed increased wave reflections after propranolol 

comparedd to discontinued medication during cardiac catherization 13. When 

propranololl  was combined with an alpha blocker (phentolamine), wave reflections 

decreasedd 13. However, in other studies with hypertensive patients, atenolol caused a 

smalll  decrease of wave reflections 23,24. In contrast to the hypertensive patients, 

atenololl  wil l not effect the wavespeed in our patient group, because blood pressure 

loweringg has no effect on the compliance of the Dacron aorta. The main reason for 

increasedd wave reflections with atenolol in our patients, may be the increased 

peripherall  resistance due to adrenergically mediated vasoconstriction 13'22. 

Ass has been described in previous studies, it seems preferable to prescribe anti-

hypertensivee medication with vasodilating properties to reduce the magnitude of wave 

reflections.. In our study, no difference in mean aortic pressure was seen with labetalol, 

althoughh the augmentation index was decreased with labetalol compared to atenolol 

inn 3 patients and in 1 patient it remained constant. This is in agreement with the 

findingss of Kelly et al, where the augmentation index was significantly lower with 

dilevaloll  (an isomer of labetalol) than with atenolol, in spite of an equal reduction of 

bloodd pressure 25. 

Studyy limitation s 
Thee small number of patients precludes definite conclusions about the effect of fi-blocking 

therapyy on aortic pressure and wave reflections. Larger numbers of patients with different 

comparisonn groups, including non-operated patients with Marfan syndrome, need to be 

studiedd to confirm our observational findings. 

Bloodd pressure and flow were not measured simultaneously, because it is not yet possible 

too use the Finometer ™ in the strong magnetic field of the MRI scanner. We took great 

caree to select a pressure beat from the recording that was matched to the MRI flow pulse 

withh respect to the heart frequency. 

Conclusion n 
Ourr results describe that pulse pressure, systolic pressure, wave speed and wave 

reflectionss are significantly increased in patients with Marfan's syndrome after entire 

aorticc replacement compared to controls. Use of atenolol or labetalol did not decrease 
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aorticc pressure in these patients, A trend towards increased wave reflections was observed 

withh atenolol in the Dacron aorta. Therefore, the beneficial effect of atenolol in patients 

withh Marian' s syndrome after  entire aortic replacement is doubtful However, 6-blocking 

therapyy might still be useful in these patients because of heart rate reduction. Further 

studiess with larger  number  of patients are needed to confirm our  observations. 
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AA 34-year-old woman with Marian' s syndrome was referred for  evaluation of symptoms 

off  dyspnea. At age 26, she underwent operation for  a type A aortic dissection with 

cardiacc tamponade. An emergency Bentall's procedure was performed, and a St, Jude 

mechanicalprosthesiss with a knitted Dacron vascular  graft (Gelseal; Vascutek, 

Renfrewshire,, Scotland) was implanted. A postoperative computed tomographic scan 

revealedd an aortic dissection of the aortic arch and descending aorta and an infrarenal 

abdominall  aortic aneurysm. A month later  the abdominal aorta, and 3 months later 

thee distal ascending aorta, aortic arch, and aneurysmal proximal thoracic descending 

aorta,, were replaced by Vascutek Dacron grafts. A year  later  the remaining aneurysmal 

thoracicc descending and abdominal aorta were replaced by a Vascutek graft, thus 

completingg the entire aortic replacement. An island of native aortic tissue containing 

99 posterior  intercostal and lumbar  arteries was sutured into the graft for  spinal cord 

nourishment.. Another  island containing 4 intercostal arteries was reimplanted in the 

abdominall  aortic graft. Interposition Dacron grafts were used to replace the aneurysmal 

dilatedd origins of the superior  mesenteric artery and celiac trunk . After  this operation 

dyspneaa during exercise developed in the patient. Magnetic resonance angiograms at 

33 months, 1 year, and 2 years after  repair  revealed increasing aneurysmal dilation of 

thee descending aorta with compression of the left main bronchus and left pulmonary 

arteryy (figures 1 and 2). Pulmonary ventilation/perfusion scintigraphy showed impaired 

ventilationn (left versus right : 23% versus 77%, respectively) and almost-absent perfusion 

off  the entire left lung (left versus right : 7% versus 93%, respectively; figure 3). 

Bronchoscopyy of the left lung revealed a pulsating compression of the airways just distal 

too the bifurcation of the left main bronchus into the left upper  and lower  lobes, with an 

almostt  complete obliteration of the posterior  segment of the left lower  lobe (figure 4). 

Thee patient is now considered for  endovascular  aneurysm repair. Compression of the 

leftt  main bronchus and pulmonary artery because of aneurysmal dilation is a rare 

complication.. In this patient with Marfan' s syndrome, aneurysmal dilation was 

probablyy due to island reimplantation, which decreases the integrit y of the Dacron 

graft,, and to degeneration of native aorta tissue left behind to secure spinal cord 

nourishment.. This case stresses the importance of limitin g island reimplantation in 

patientss with intrinsi c aortic wall disease. Furthermore, imaging in these patients 

shouldd be performed at regular  intervals. 

87 7 



CompressionCompression of the left main bronchus and pulmonary artery 

Figuree 2. Transverse spin-echo image showing the dilated 
aorticc graft with compression of the left main bronchus. 

Figuree 3. Pulmonary ventilation/perfusion scintigraphy 
showingg impaired ventilation (left versus right: 23% vs. 77% 
respectively)) and almost absent perfusion of the entire left 
lungg (left versus right: 7% vs. 93%. respectively). 

Figuree 1. Magnetic Resonance 
angiogramm showing aneurysmal 
dilationn in the descending aortic graft. 

Figuree 4. Bronchoscopic image 
showingg a pulsating compression just 
distall  to the bifurcation of the left 
mainn bronchus. 

88 8 







CHAPTER R 

Pregnancyy and aortic root growth in 
thee Marfan syndrome: a prospective 

study y 

Lilia nn J. Meijboom1, Frederiek E. Vos1, Janneke Timmermans3, 
Godfriedd H. Boers4, Aeiko H. Zwinderman2, Barbara J.M. Mulder 1. 

Fromm the Departments of Cardiology1 and Clinical Epidemiology and Biostatistics2 

Academicc Medical Center, Amsterdam and the Department of Cardiology3 and 
Internall  medicine4, University Hospital Nijmegen, Nijmegen, The Netherlands 

Europeann Heart Journal 2005;26:914-920. 



Abstract t 
Aim: : 

Inn women with Marfan syndrome pregnancy presents an increased risk for dilatation, 

dissectionn and rupture of the aorta. Aim of this study was to investigate the influence 

off  pregnancy on growth of the aortic root. 

Methods: : 

Betweenn 1993 and 2004 127 women with Marfan syndrome were prospectively 

followed;; 61 women had one or more children; in 23 women 33 pregnancies could be 

followedd prospectively for aortic dimensions. Only one woman had suffered an aortic 

complication,, a type A dissection (limited to the ascending aorta), before pregnancy. 

Outt of 66 childless women a comparison group of 22 women was selected and 

individuallyy matched. 

Results: : 

Meann initial aortic root diameter just before pregnancy was 37  5 mm (range 25-45). 

Before,, during and after pregnancy the overall individual aortic root diameter change 

(inn 31 pregnancies) was not significant (p=0.77). Only the woman with a previous 

typee A dissection developed an aortic complication (type B dissection) during her 

secondd pregnancy. No cardiac complications occurred in the other 22 women during 

theirr pregnancies. During a median follow up of 6.4 years, no significant difference in 

growthh of the aortic root was observed between the pregnancy group and the matched 

childlesss group (0.28 mm/yr vs 0.19 mm/yr, p=0.08, respectively). 

Conclusion: : 
Pregnancyy in women with Marfan syndrome seems to be relatively safe up to an aortic 

roott diameter of 45 mm, at least as far as our observed diameter range of 25 to 45 mm 

iss concerned. 
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Introductio n n 
Marfann syndrome is an autosomal dominant inherited connective tissue disorder  with 

ann estimated prevalence of 2-3 per  10.000 1. The manifestation of Marfan syndrome 

primaril yy involves the cardiovascular, musculoskeletal and ocular  systems 2. Aorti c 

dilatationn and dissection are the major  causes of morbidit y and mortality 3,4. Pregnancy 

increasess the risk of aortic dissection and therefore may seriously threaten the lif e of 

thesee women 5" 9. 

Recently,, new guidelines for  women with Marfan syndrome and pregnancy were 

establishedd 10 ,n. They were based on three studies in which it became apparent that 

thee risk for  dissection was low in women with minimal cardiac involvement and an 

aorticc root diameter  smaller  than 40 mm 6S. Currently , there is still debate regarding 

thee aortic root diameter  above which pregnancy should be discouraged in women 

withh Marfan syndrome. Aim of this study was to evaluate the effect of pregnancy on 

growthh of the aortic root in women with Marfan syndrome. 

Methods s 
Population n 
Betweenn January 1993 and December  2003.127 adult women with a definite diagnosis 

off  Marfan syndrome according to the revised Gent criteri a were prospectively followed 

clinicallyy and with serial echocardiograms of the aorta in the Academic Medical Center 

(Amsterdam)) and the University Hospital Nijmegen, The Netherlands 12. A definite 

diagnosiss was established when a major  manifestation in 2 different organ systems 

andd at least 1 minor  in a thir d organ system were present. 

Outt  of the 127 women, 66 remained childless up til l the end of this study, and 61 

womenn had one or  more children before 2004. (figure 1) Among these 61 women, 

completee clinical data and aortic dimensions were available for  33 of 47 pregnancies in 

233 women (mean age: 27 (18-37) years). The remaining 38 women with children were 

excludedd for  further  analysis because the diagnosis of Marfan syndrome was only 

establishedd after  they had completed their  pregnancies and therefore no data of aortic 

dimensionss were available during their  pregnancies. 

Onee woman had an aortic root replacement for  type A dissection (limited to the 

ascendingg aorta) 7 years before her  first pregnancy. Her  aortic diameters beyond the 

graftt  were followed before, during and after  her  2 pregnancies with serial magnetic 

resonancee (MR) images. In the other  22 women no aortic complications had occurred 
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1277 women 

666 childless 
women n 

611 women with 
children n 

233 women 
followedd during 
333 pregnancies 

222 matched 
childlesss women 

388 women 
pregnantt before 

Marfann diagnosis 

222 women 
followedd for aortic 

roott diameter 

11 aortic root 
replacement t 

beforee pregnancy 

Figuree 1: Subdivision of 127 women with Marfan syndrome. 

beforee their pregnancies. Therefore, aortic root diameters were followed before, during 

andd after their pregnancies with serial echocardiographic measurements. 

Outt of the 66 childless women, a group of 22 women was selected for the purpose of 

longg term comparison. These women were individually matched with the 22 women 

inn the pregnancy group. In order of importance the match was formed on basis of 

familyy history, initial aortic root diameter, duration of follow-up and age (table 1). 

Familyy history had to match exactly. The differences for initial aortic root diameter 

(lastt echo before pregnancy or echo at first visit in the childless group) between women 

variedd from 0 to 3 mm, the age differences varied from 0.3 to 10 years, and follow-up 

differencess varied from 0.5 to 8 years. 

Tablee 1. Clinical characteristics. 

Age,, years 
Initiall  aortic root diameter, mm 
Mediann duration of follow up, years (IQR) 
Familyy history -Positive, n (%) 

-Dissection,, n (%) 
-Mutant,, n (%) 

Pregnancyy group 
(n=22) ) 

277 5 
377 5 

6.44 (5.0-12.0) 
100 (45%) 
99 (41%) 
33 (14%) 

Matchedd childless group 
(n=22) ) 

255 6 
377 4 

6.44 (4.8-10.3) 
100 (45%) 
99 (41%) 
33 (14%) 

Valuess are expressed as means  SD 
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Echocardiography y 
Echocardiographicc measurements of the aortic root diameter in the pregnancy group 

andd the matched control group were made by M mode and cross sectional echocardio-

graphy.. The number of measurements per woman in the pregnancy group and matched 

controll  group varied from 3 to 21 (mean (SD) 10 (4)) and from 3 to 14 (mean (SD) 7 (3)), 

respectively.. With both methods, the aortic root diameter was measured at the level of 

thee sinuses of Valsalva. The measurements by M mode echocardiography were done 

accordingg to the recommendations of the American Society of Echocardiography (ASE)13 

andd guided by cross sectional mode (figure 2). With cross sectional echocardiography the 

aorticc root diameter was imaged in the long axis parasternal view. An earlier study from 

Figuree 2: Aortic root 
diameterr measured from the 
non-coronaryy cusp (NCC) to 
thee right coronary cusp 
(RCC)) on an echocardio-
graphicc long-axis parasternal 
imagee (A) and on M-mode 
imagee (B). 
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ourr institution has found no clinically relevant difference in assessing the aortic root 

diameterr by either of these two echocardiographic methods 14. Measurements made by 

eitherr mode were used interchangeably. However in case both measurement were available, 

M-modee was preferred. 

Intraa and interobserver variability were excellent in a previous study on aortic root 

diameterr measurements in patients with Marfan syndrome 15. 

Statisticall  analysis 
Dataa were illustrated by estimating a linear regression line for each woman separately, 

andd aortic root growth (mm/yr) was quantified by using the regression slope. Data are 

describedd as frequencies or as means with standard deviations. Time intervals are 

expressedd in medians and interquartile ranges (P25-P75). 

Wee first compared aortic root diameters before, during and after pregnancy. The average 

aorticc root diameter was used when more points were available in a given time interval. 

Thee three time intervals were defined as follows: before pregnancy from 125 weeks 

beforee conception til l conception, during pregnancy ranged from conception til l delivery, 

afterr pregnancy ranged from delivery til l 125 weeks after conception. The aortic root 

diameterr change was analysed using a linear mixed effect model with aortic root diameter 

ass a dependent variable, time as a fixed effect, and patient as random effect. 

Secondly,, to exclude the influence of previous pregnancies on aortic root growth, we 

analysedd aortic root growth before and after the first pregnancy of a woman separately. 

However,, only for 10 first pregnancies were multiple echocardiograms available both 

beforee and after pregnancy. We again used a linear mixed-effects regression model for 

thee aortic root diameter on time (weeks), pregnancy status (before/ after start 

pregnancy),, and their interaction. Patient was the random effect. Before pregnancy 

wass in this model defined as from 125 weeks before conception til l conception and 

afterr pregnancy was defined as time from conception til l 125 weeks after conception. 

InIn the last analyses we compared the long-term impact of pregnancy, aortic root growth 

andd aortic complications between the pregnancy group and the matched childless 

group.. Growth of the aortic root diameter with increasing age was analyzed statistically 

withh a linear mixed-effects regression model of the dependent variable aortic root 

diameterr on the independent variables age, pregnancy status (ever/never), and their 
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interaction.. Since each pregnant woman was in a separate stratum matched individually 

too a non-pregnant woman, and since aortic root diameters were repeatedly measured 

inn all women, we included a random intercept per woman, and a random stratum-

effectt in the model to take account of the correlation between the repeated diameter 

measurementss and between the pregnant and non-pregnant women in the same 

stratum.. We only tested the interaction between age and pregnancy-status because 

thiss is a test for the null-hypothesis that the diameter-growth with age is the same in 

pregnantt and non-pregnant women. Both random effects were assumed to follow a 

normall  distribution, as were the residual terms, and the appropriateness of this 

assumptionn was checked visually by inspection of the histograms. We made no 

distinctionn between women with one or two pregnancies, and we included in this 

analysiss all available diameter measurements. 

Differencess between patients subgroups with respect to proportions were tested with 

thee Chi squared test and differences on continuous variables with the (paired) Student's 

t-test.. A two sided level of 0.05 was used for each statistical test. 

Results s 
Off  the 127 women 61 women had one or more children before 2004 and 66 remained 

childlesss for various reasons, (table 2) Thirty-three pregnancies in 23 women could be 

followedd prospectively. 

Tablee 2: Reasons for not having children in 66 childless women 

Negativee advice of cardiologist 15 (23%) 
Fertilityy problems 4 (6%) 
Youngg age / No partner 21 (32%) 
Childlesss by choice 4 (6%) 
Fearr of affected child 9 (14%) 
unknownn 13 (19%) 

Pregnancyy group 
Twenty-threee women had a total of 47 pregnancies. Eight (17%) pregnancies ended 

spontaneouslyy in early abortions (<12 weeks). There was 1 (2%) intra-uterine death 

duee to Potter syndrome. One child was born prematurely at 22 weeks and died shortly 

afterr delivery. Thirty-eight children (one twin) were born alive. 
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Echocardiographicc measurements of the aortic root diameter were obtained throughout 

311 of the 47 pregnancies carried through the third trimester. Two of these women 

weree pregnant at t ime of enro lment. Mean ini t ial aortic root d iameter at the 

echocardiogramm just before or at pregnancy was 37  5 mm (range 25-45). Twelve 

womenn used beta-blockers during 15 pregnancies. 

Ninee women had an initial aortic root diameter > 40 mm (range 40-45 mm) during 11 

pregnanciess and beta-blockers were used during 6 of these pregnancies. Of these 9 

women,, 5 were known with a positive family history for Marfan, 2 with a positive 

historyy for dissection and 2 had a negative family history. 

Overr the time period studied (before, during and after pregnancy) the overall individual 

aorticc root diameter change (in 31 pregnancies) was not significant (p=0.77). Evolution 

off  aortic root diameter is visualised in figure 3, which shows individual regression 

liness of 31 pregnancies. 

Onlyy in 10 women were multiple echocardiographic measurements available both 

beforee (mean 2.3 range 2-3) and after (mean 4.4 range 2-8) their first pregnancy. In the 

otherr 13 women these measurements were not available for several reasons. In 4 

womenn the diagnosis of Marfan syndrome was established after their first pregnancy. 

Onee woman had an aortic root replacement before her first pregnancy and the other 8 

womenn only had one aortic root measurement for their first pregnancy. In the 10 

-1200 -80 -40 0 40 80 120 
weeks s 

pregnancy y 

Figuree 3: Regression lines of aortic root diameters during 31 pregnancies. 
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womenn no difference in mean regression line of the aortic root diameter was observed 

duringg 125 weeks before and after pregnancy (slope = 0.017 mm/week vs 0.018 mm/ 

week,, p=0.99. respectively) 

Onee woman developed a type B dissection during pregnancy. She had an acute type A 

dissectionn (limited to the ascending aorta) 7 years before her first pregnancy for which 

shee underwent emergency aortic root replacement. Against advice of the cardiologist, 

shee became pregnant twice. During her pregnancies she was followed with serial MRI 

scans.. No cardiovascular complications or aortic growth was observed during her first 

pregnancy.. In spite of normal aortic diameters she developed a type B dissection at 27 

weekss gestation of her second pregnancy. She was initially treated conservatively and 

att 34 weeks gestation a healthy infant was born by a cesarean section. Repair of the 

thoracoabdominall  aorta was accomplished 10 days after pregnancy. 

Pregnancyy group versus matched childless group 
Outt of the childless group, 22 patients were selected and individually matched with 

thee 22 pregnant patients for family history, initial aortic root diameter, duration of 

followw up and age. (table 1) 

Duringg a median follow up of 6.4 years, no significant difference in aortic root growth 

wass observed between the pregnancy group and the matched childless group. (Fig. 4 

andd table 3) However, within the pregnancy group, a small but significant difference 

inn aortic root growth was observed between 9 women with an initial aortic root 

diameterr > 40 mm and 13 women with a diameter < 40 mm. There was no significant 

differencee in family history between these 2 subgroups (p=0.3). Moreover, in women 

withh an aortic root diameter > 40 mm, aortic root growth was significantly increased 

inn the pregnancy group compared to 9 matched women in the childless group. 

Onee of the 22 women of the pregnancy group required an elective aortic root 

replacementt 8 years after her last pregnancy. From the matched childless group 3 

womenn required elective aortic root repair. 
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Figuree 4: Regression lines of aortic root diameter in relation to age in 22 women with pregnancies (A) 
andd 22 matched childless women (B) Bold lines represent the average regression lines of aortic root 
diameterr on age in 22 women with pregnancies (A) and in 22 matched childless women (B). Arrows 
indicatee patients who underwent elective aortic root replacement. 

Tablee 3. Growth of the aortic root during long term follow-up. 

Growthh of the aortic root mm/yr  (slopes) 

Pregnancyy group Matched childless group p-value 
(n=22)) (n=22) 

Overalll (SE) 
Aorticc root diameter > 40 mm 
att baseline (SE) 
Aorticc root diameter < 40 mm 
atbaseline(SE) ) 

0,288 (0.037) 
0.366 (0.052) 

(n=9) (n=9) 
0.20aa (0.047) 

(n=13) (n=13) 

0.19(0.034) ) 
0.14(0.050) ) 

(n=9) (n=9) 
0.200 (0.043) 

(n=13) (n=13) 

0.08 8 
0,001 1 

0.96 6 

aa denotes significant difference between aortic root diameter > 40 mm and < 40 mm in the pregnancy 
group,, p= 0.04, SE= Standard Error. 
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Discussion n 
Inn the present study we report the effect of pregnancy on aortic root growth in a 

relativelyy large population of Marfan women. No aortic dissections occurred in patients 

withoutt previous aortic dissection and an aortic root diameter < 45mm. Only one 

womann developed a cardiac complication (type 8 dissection) during her second 

pregnancy,, she was known with a previous type A dissection. Before, during and after 

pregnancyy there was no significant overall individual aortic root diameter change (in 

311 pregnancies). In the long run women with aortic root diameters > 40 mm at 

pregnancyy showed a slightly accelerated growth of the aortic root. 

Duringg pregnancy important maternal cardiovascular changes occur, such as an increase 

inn blood volume, heart rate, stroke volume, cardiac output, left ventricular wall mass 

andd end-diastolic dimensions 16. In addition, hormonal changes occur, which lead to 

histologicall  changes in the aorta. Fragmentation of the reticulum fibers, a diminished 

amountt of acid mucopolysaccharids, and loss of the normal corrugation of elastic fibres 

havee been observed in the aortic wall of pregnant patients 17. So, both haemodynamic 

andd hormonal mechanisms have been suggested to play an important role in the increased 

susceptibilityy to dissection in women during pregnancy. Three previous studies reported 

onn aortic complications during pregnancy in women with Marfan syndrome. In a 

prospectivee study of 21 patients, 2 out of 4 women with aortic root diameter between 

40-433 mm at pregnancy developed an aortic complication (type B dissection and 

progressivee aortic root dilation)8. Another woman with an aortic root replacement before 

pregnancyy had extension of her chronic dissection one week postpartum. 

Inn a retrospective study in 36 patients, 6 aortic complications (3 type A dissections, 1 

typee B dissection and 2 progressive aortic dilations) occurred, in 4 women with aortic 

roott diameters between 40-45 mm and in 2 women in whom the diagnosis of Marfan 

syndromee was not established until the aortic event occurred 6. However, the prevalence 

off  women with an aortic root diameter > 40 mm was unknown in this study. In another 

retrospectivee study of 26 patients, one woman with preconceptional cardiac 

impairmentt developed endocarditis and died several weeks later of congestive heart 

failuree 7. All patients had aortic root diameters < 42 mm, although individual 

preconceptionn diameters were not provided. 

Fromm the results of these studies it was suggested that women with an aortic root 

diameterr > 40 mm were at increased risk of aortic dissection. However, in these studies 

veryy few patients were included with aortic root diameters > 40 mm. 
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Therefore,, the aortic root diameter above which pregnancy should be discouraged in 

womenn with Marfan syndrome is still a matter of debate. The Canadian guidelines 

recommendd that women with an aortic root diameter beyond 44 mm should strongly 

bee discouraged from becoming pregnant; the European guidelines discourage pregnancy 

abovee an aortic root diameter of 40 mm 1 0 , n. In the literature and in our study, there 

iss still insufficient data available on pregnancy in women with Marfan syndrome with 

aorticc root diameters larger then 45 mm. Of course it is well known that the risk for 

aortaa dissection increases with increasing aortic root diameters. However, our findings 

indicatee that women without previous cardiac complications seem to tolerate 

pregnancyy well up til l an aortic root diameter of 45 mm. 

Nott much is known about the long term effect of pregnancy on the cardiovascular 

statuss of women with Marfan syndrome. After 6 years of follow up, Rossiter et al 

observedd no apparent worsening of cardiovascular status in 18 women with Marfan 

syndromee after pregnancy compared to 18 women with Marfan syndrome without 

children.. This is consistent with our study; aortic root growth was almost similar in 

thee pregnancy group compared to the control group during a median follow-up of 6 

years.. However, in a subgroup of women with an aortic root diameter > 40 mm, 

pregnancyy had a small but significant influence on long term growth of the aortic 

root.. In 20 years these women would have an average growth of 7 mm against 3 mm in 

childlesss women with similar initial aortic root diameters. In our opinion, for women 

withh an aortic root diameter up to 45 mm, this does not need to be a major objection to 

havee children, because the short and long term results of prophylactic aortic root surgery 

aree excellent 18,19. However, in all women, especially in women with enlarged aortic 

roott diameters, the pros and cons of pregnancy should be fully discussed as well as the 

alternativess (childlessness, adoption, and surrogate pregnancy). Women with previous 

aorticc dissection are at high risk for aortic complications during pregnancy. 

Limitation ss of the study 
AA limitation of this study is the inherent absence of randomization. Patients who, 

afterr receiving counselling explaining their pregnancy-related risks, choose to proceed 

withh pregnancy may represent a subset of the Marfan syndrome population at lower 

riskk for cardiovascular complications. The 22 childless women, who were matched with 

thee 22 women prospectively followed during pregnancy, cannot be strictly considered a 

"control""  group, because of occult biases in why those patients may have elected not to 

102 2 



ChapterChapter VII 

havee any pregnancies. However, objective measures show similarities between the two 

groups.. The proportions of patients with a family history of aortic dissection, a predictor 

off  an individual's risk of dissection, were similar in the two groups. 

Conclusion n 
Pregnancyy in women with Marfan syndrome seems to be relatively safe up to an aortic 

roott diameter of 45 mm, at least as far as our observed diameter range of 25 to 45 mm 

iss concerned. 
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Abstract t 
Objective: : 

Too investigate the obstetric maternal and neonatal outcome of pregnancy in women 

withh Marfan syndrome. 

Studyy design: 

Retrospectivee observational multi-center study based on congenital heart disease 

registry. . 

Results: : 

Sixty-threee of the 122 enrolled women with Marfan syndrome had been pregnant 142 

timess (including 111 pregnancies > 20 weeks, 28 (20%) miscarriages and 3 elective 

abortions).. In 41 % of all completed pregnancies an obstetric and/ or neonatal 

complicationn occurred. The most important complications were an increased 

percentagee of premature deliveries (n=17, 15%) mainly due to preterm premature 

rupturee of membranes and cervical incompetence and a markedly increased combined 

fetall  and neonatal mortality of 7.1%. An obstetric and/ or neonatal complication 

occurredd in a similar proportion of pregnancies in women with a diagnosis of Marfan 

syndromee before pregnancy versus women with a diagnosis of Marfan syndrome after 

pregnancyy (39% vs. 43%, P=.71, respectively). 

Conclusion: : 

Pregnancyy in women with Marfan syndrome is associated with a high rate of 

miscarriages,, premature deliveries, preterm premature rupture of membranes and 

increasedd mortality in the offspring. 
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Introductio n n 
Marfann syndrome is an autosomal dominant inherited connective tissue disorders, which 

hass an estimated incidence of 1/5000 new born of which 25-30% of cases represent new 

mutationss 13. The Marfan syndrome involves many systems but the most prominent 

manifestationss are of skeletal, ocular  and cardiovascular  origin 3. Aorti c dilation and 

dissectionn are the major  causes of morbidit y and mortalit y 4 5. Pregnancy increases the 

riskrisk  of aortic dissection in women with Marfan syndrome 6" 11. In a previous study we 

prospectivelyy analyzed the cardiovascular  risk of pregnancy in these women 12. Data 

concerningg the obstetric and neonatal complications found in women with Marfan 

syndromee during pregnancy and delivery are limited. Currently , no evidence based 

guideliness are available regarding pregnancy and delivery in women with Marfan 

syndrome,, resulting in a lack of consensus about the optimal management during 

laborr  13. 

Thee present study's primar y objective is to report obstetric and neonatal outcome of 

pregnancyy in a (retrospective) cohort of women with Marfan syndrome. Furthermore, 

wee hypothesize that patients, in whom the diagnosis Marfan syndrome has been 

establishedd prior  to pregnancy, are managed differentl y from patients who learn they 

havee Marfan syndrome after  pregnancy. We wil l compare management strategies and 

complicationn rates between women with a diagnosis of Marfan syndrome before 

pregnancyy versus women with a diagnosis of Marfan syndrome after  pregnancy. 

Materiall  and methods 
Usingg a nation-wide registry of adult patients with congenital heart disease (CONCOR: 

CONgentiall  COR vitia) founded by the Netherlands Heart Foundation and the 

Interuniversit yy Cardiology Institut e the Netherlands 122 women with a definite 

diagnosiss of Marfan syndrome according to the revised Gent criteri a were enrolled in 

thee present study14. The institutional ethics committees at each centre approved the 

protocol. . 

Questionnairess were used to supplement the available data from medical records. 

Baselinee data included: prior  surgical procedures, co morbidit y and medical history 

usingg the European Paediatric Cardiac Coding (EPCC), age at inclusion and at Marfan 

diagnosis,, Marfan family history, reasons for  being childless, fertilit y problems 

(infertility ::  absolute inabilit y to procreate for  more than 2 years), miscarriage 
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(spontaneouss fetal loss before 20 weeks of gestation) and elective abortions. 

Thee following information of each ongoing pregnancy (> 20 weeks of gestation) was 

gathered:: age at index pregnancy, parity, gestational age at delivery and mode of delivery 

(includingg forceps/vacuum/caesarean section). Documented complications were 

groupedd into obstetric interventions and complications and fetal/ neonatal 

complications.. Obstetric interventions and complications: assisted (forceps/vacuum/ 

caesarean)) delivery (not for preventive cardiac indication), preterm premature rupture 

off  membranes (PPROM, before 37 weeks of gestation), preterm delivery (delivery after 

200 weeks and before 37 weeks of gestation), postpartum haemorrhage (vaginal delivery 

>> 500 ml, caesarean section > 1000 ml), placenta previa; pregnancy induced hypertension 

(PIH,, new onset of hypertension after > 20 weeks of gestation, > 140 mm Hg systolic or 

900 mmHg diastolic without proteinuria), preeclampsia (gestational hypertension with 

>> 0.3 gram of proteinuria/24 hour urine sample), eclampsia (preeclampsia with grand 

mall  seizures), Haemolysis Elevated Liver enzymes Low Platelets (HELLP) syndrome, 

thrombo-embolicc complications and gestational diabetes. 

FetalFetal and Neonatal complications: small-for- gestational age (SGA, birth weight <5th 

percentile),, fetal intrauterine death (> 20 weeks of gestation), neonatal death (before 

thee neonate reaches the age of 28 days), congenital defects. 

Alll  patients had a definite diagnosis of Marfan syndrome. We compared obstetrical 

andd neonatal complications in women with a diagnosis of Marfan syndrome before 

pregnancyy to women with a diagnosis of Marfan syndrome after pregnancy, in order 

too evaluate if a preconception or ante partum diagnosis of Marfan syndrome relates to 

aa better pregnancy outcome. 

Statisticall  analysis 
Dataa were analyzed with the SPSS software for windows XP version 12.1 (2004, SPSS, 

Inc.. Chicago). Descriptive statistics of nominal data were expressed in absolute numbers 

andd percentages. Differences between patients subgroups with respect to proportions 

weree tested with the Chi-square test or Fisher's Exact Test. Differences on continuous 

variabless were tested with the (paired) Student's t-test. A two sided level of 0.05 was 

usedd for each statistical test. 
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Results s 
Generall  data 
Characteristicss of the enrolled 122 women wit h definit e Marfa n syndrome are 

presentedd in Table 1. Fifty-nin e of the 122 women were childless for  various reasons 

(Tablee 2). Ten couples were referred to a gynaecologist to assess suspected sub/ 

infertility .. Analysis revealed a diagnosis of male in/subfertilit y in 4 cases and female 

in/subfertilit yy in 4 cases (polycystic ovary syndrome, endometriosis, premature ovarian 

failur ee and tubal pathology). In 2 couples the reason for  their  fertilit y problems 

remainedd unexplained. Five couples remained childless to thi s day. 

Tablee 1. Characteristics of 122 women with Marfan syndrome with and without a previous pregnancy 

Agee at inclusion in study (yrs) 

Agee at diagnosis Marfan syndrome (yrs) 

Familyy history 

mean n 
range e 
mean n 
range e 
Positive e 
Dissection n 
Mutant t 
Unknown n 

Womenn with 
pregnancy y 

n=63 3 

433 1 
22-66 6 

288  13 
1-61 1 

17(27%) ) 
23(36%) ) 
222 05%) 

1(2%) ) 

Womenn without 
pregnancy y 

n=59 9 

344  10* 
19-61 1 

177  12* 
1-48 8 

144 (24%) 
211 (36%) 
222 (37%) 
2(3%) ) 

Entir e e 
group p 
n=122 2 

388 1 
19-66 6 

233  14 
1-61 1 

31(26%) ) 
444 06%) 
44(36%) ) 
3(2%) ) 

valuess are expressed as means  SD or as numbers with frequencies () yrs=years 
**  P < .0001 (Student's t-test) 

Tablee 2, Primary reasons for not becoming pregnant in 59 women 

Voluntaril yy childless (too young, no partner) 
Riskk of transmission of Marian syndrome 
Fearr  for  possible cardiac complications 
Combinationn of above 3 
Negativee advice cardiologist 
Fertilit yy problems 
Otherr  reasons (financial, hemiparese. infertilit y partner) 

22(37%) ) 
4(7%) ) 
1(2%) ) 
7(12%) ) 

177 (28%) 
5(9%) ) 
3(5%) ) 

Valuess are expressed as numbers with frequencies () 

Inn 63 women, 142 pregnancies were documented, and the outcome is summarised in 

Tablee 3. The diagnosis Marfa n syndrome was not established in 37 patients before (or 

during )) 75 completed pregnancies. Elective abortions were performed only in women 

knownn to have Marfa n syndrome at the tim e of pregnancy for  the following reasons: 

unwantedd pregnancy, enlarged aortic root diameter  and use of teratogenic medication. 
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TableTable 3. Outcome of 142 pregnancies in 63 women with Marfan syndrome 

Diagnosiss Marfan syndrome 

Beforee pregnancy After pregnancy 

Pregnanciess no. 
Completedd pregnancies 
Spontaneouss abortion 
Electivee abortion 
Maternall  age at first pregnancy (years) 

44 4 
366 (82%) 
5(11%) ) 
3(7%) ) 

27.00  4.6 

98 8 
75(77%) ) 
233 (23%) 
0(0%)* * 

25.44  3.5 

142 2 
1111 (78%) 
28(20%) ) 
3(2%) ) 

26.00  4.0 

Valuess are expressed as means  SD or as number with frequencies (). There were no patients in 
whomm the diagnosis of Marfan syndrome was established during pregnancy. 
**  P= .03 vs. before pregnancy (Fisher's Exact Test) 

Beta-blockerr therapy -to prevent aortic dilatation- was initiated prior to conception and 

continuedd throughout pregnancy in 15 pregnancies. Beta-blocker therapy was initiated 

duringg the third trimester in 3 pregnancies. 

Twoo women had undergone a previous Bentall operation (aortic root replacement with 

artificiall  aortic valve) prior to 3 pregnancies. One woman was on (unfractionated) 

heparinn during her entire pregnancy. The other woman was on (unfractionated) heparin 

duringg her first 16 weeks of pregnancy, then til l 36 weeks she used oral anticoagulants 

(warfarin)) and after 36 weeks she used (unfractionated) heparin again. During her 

secondd pregnancy she was on low-molecular-weight heparin during the entire 

pregnancy.. This woman (with a previous Bentall operation for type A dissection) 

developedd a type B aortic dissection at 27 weeks gestation during her second pregnancy. 

Shee was initially treated conservatively and at 34 weeks gestation a healthy infant was 

bornn by caesarean section. Repair of the thoracoabdominal aorta was accomplished 10 

dayss after delivery. The present study is retrospective and performed in a survival 

cohort;; therefore this study has not the appropriate design to draw any conclusions 

fromm the incidence of fatal major maternal cardiac complications. In a previous 

prospectivee study, we have analyzed the influence of pregnancy on aortic root growth 

andd on aortic complications in women with Marfan syndrome 12. 

Inn the following section we wil l focus more on the course and outcome of the 111 

ongoingg (> 20 weeks of gestation) pregnancies (Table 4). In the following subheadings 

resultss wil l be discussed in detail and differences between obstetrical/neonatal 

complicationss in women with a diagnosis of Marfan syndrome before pregnancy and 

womenn with a diagnosis of Marfan syndrome after pregnancy wil l be compared. 
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TableTable 4: Obstetric complications in 111 completed pregnancies 

Diagnosiss Marfan syndrome 

Beforee pregnancy After pregnancy 

Pregnanciess no. 
Pregnancyy duration (weeks) mean 

range e 
Spontaneouss vaginal delivery 

ObstetricObstetric Complications 
Pretermm delivery 
Forceps/vacuum m 

cardiacc reason 
Primar yy Caesarian section 

cardiacc reason 
Secondaryy caesarian section 
PPROM M 
Postt  partum hemorrhage 
Placentaa previa 
Gestationall  hypertension 
Preeclampsia a 
Gestationall  diabetes 

36 6 
4 4 

23-42 2 
188 (50%) 

77 (19%) 
77 (19%) 
44 (11%) 

111 01%) 
88 (22%) 
00 (0%) 
22 (6%) 
44 (11%) 
00 (0%) 
11 0%) 
00 (0%) 
11 0%) 

75 5 
4 4 

2fM3 3 
666 (88%)a 

100 (13%) 
33 (4%)b 

00 (0%)c 

44 (5%)d 

00 (0%)e 

22 0%) 
44 (5%) 
55 (7%) 
11 (1%) 
88 (11%) 
33 (4%) 
22 (3%) 

111 1 
4 4 

20-43 3 
744 (67%) 

177 (15%) 
100 (9%) 
44 (4%) 

155 (14%) 
88 (7%) 
22 (2%) 
66 (5%) 
99 (8%) 
11 (1%) 
99 (8%) 
33 (3%) 
33 (3%) 

Wluess are expressed as means  SD or as numbers with frequencies (). PPROM = Preterm premature 
rupturee of membranes a) P< ,001(Chi-square test), b) P= .013 (Fisher exact test), c) P= .01 (Fisher 
exactt test), d) P= .001(Fisher exact test), e) P< .001 (Fisher exact test) 

Obstetricc outcome and complications 
Inn the entire group there were 17 (15%) preterm deliveries after  a mean gestational 

agee of 32 weeks (range 20-36 weeks). In women with a diagnosis before pregnancy 

(n=36)) reasons for  the 7 preterm (19%) deliveries were: PPROM (n=2), cervical 

incompetencee (n=2) and primar y caesarean sections for  maternal cardiac reason (n=3, 

inn 2 patients). In women with a diagnosis after  pregnancy (n=75) there were 10 (13%) 

pretermm deliveries reported due to: PPROM (n=3). cervical incompetence and PPROM 

(n=l) ,, induction for  intrauterin e foetal death (n=2), trauma (n=l), twin pregnancy 

(n=l) ,, placenta praevia (n=l) and unknown (n=l). 

Onlyy in women with a diagnosis before pregnancy primar y caesarean sections (n=8) 

weree performed for  maternal cardiac reasons e.g. aortic root diameter  enlargement 

(n=5)) and a history of aortic root replacement (n=3.1 combined with "de novo"  type 

BB dissection). Foetal distress was the reason for  2 secondary caesarean sections in one 

womann unknown with Marfan syndrome at the time of pregnancy. 

Gestationall  hypertension was more frequently seen in women with a diagnosis after 

pregnancyy compared to women with a diagnosis before pregnancy (Table 4). Eclampsia, 
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HELLPP syndrome and thrombo-embolic complications were not reported during 111 

completedd pregnancies. 

Fetal/Neonatall  outcome and complications 
Baselinee characteristics of 113 children are summarised in table 5. In women with a 

diagnosiss of Marfan syndrome after pregnancy 2 intrauterine deaths were documented; 

onee foetus died at 20 weeks of gestation due to Potter syndrome (renal agenesis). The 

causee of death of the other foetus at 37 weeks of gestation remained unexplained, no 

autopsyy was performed. 

Inn the entire group there were 6 neonatal deaths, 1 child of a woman with a diagnosis 

beforee pregnancy died due to prematurity. The remaining 5 children were of women 

withh a diagnosis of Marfan syndrome after pregnancy and died within 28 days after 

birthh due to: prematurity (n=3) and hydrops foetalis of unknown cause (n=2, same 

mother).. In the entire group fifty-three children (mean age 19  11 years at the time 

off  study) were diagnosed with Marfan syndrome. Three of these children with Marfan 

syndromee have already died: one due to neonatal Marfan syndrome at the age of 11 

monthss and 2 children due to acute type A dissection at age 13 and 29. Two other children 

havee already undergone an aortic root replacement at the age of 9 and 21 years. 

Inn the entire group 7 children of 7 different mothers were small for gestational age 

Tablee 5. Fetal/ Neonatal outcome and complications. 
Diagnosiss Marfan syndrome 

Births s 
Livee births 
%male e 
Birthh weight (gm) mean 

range e 
Fetal/NeonatalFetal/Neonatal complication 

Intrauterinee fetal death 
Neonatall  death 
Smalll  for gestational age (<P 5) 
Diaphragmaticc hernia 

Beforee pregnancy 
(n=36) ) 

37 7 
37 7 

133 (35%) 
30666  762 
1350-4500 0 

00 (0%) 
11 (1%) 
55 (14%) 
00 (0%) 

Congenitall  hip dysplasia and strabismus 0 (0%) 
Pyloruss stenosis 
Esophaguss atresia 
Liddlee syndrome 

00 (0%) 
00 (0%) 
00 (0%) 

Afterr pregnancy 
(n=75) ) 

76 6 
74 4 

411 (54%) 
33099  543 
2010-4330 0 

22 (3%) 
55 (7%) 
22 {3%)a 

11 (1%) 
11 (1%) 
11 (1%) 
11 (1%) 
22 (2%) 

Total l 
(n= l l l ) ) 

113 3 
111 1 

544 (48%) 
32200  659 
1350-4500 0 

22 (2%) 
66 (5%) 
77 (6%) 
11 (1%) 
11 (1%) 
11 (1%) 
11 (1%) 
22 (2%) 

Valuess are expressed as means  SD or as number with frequencies (). a) P= .04 (Fisher exact test) 
Liddle'ss syndrome = a rare hereditary renal disorder. 
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possiblyy due to: smoking during pregnancy (n=l), beta-blocking medication during 

pregnancyy combined with smoking {n=1), beta-blocking medication during pregnancy 

combinedd with twin pregnancy (n=l), beta-blocking medication during pregnancy 

(n=l)) and unknown (n=3). 

Ann assisted delivery (vacuum, forceps or caesarean section) for a preventive cardiac 

reasonn only was not counted as an obstetric complication in the following analysis. 

Overall,, an obstetric and/ or neonatal complication occurred in 41% of all pregnancies. 

Ann obstetric and/ or neonatal complication occurred in 39 % of pregnancies in women 

withh a diagnosis of Marfan syndrome before pregnancy compared to 43 % of pregnancies 

inn women with a diagnosis of Marfan syndrome after pregnancy (P= .71). 

Discussion n 
Thee present study reports on 142 pregnancies (111 > 20 weeks gestation) in 63 women 

withh definite diagnosis of Marfan syndrome. In 41 % % of all completed pregnancies an 

obstetricc and/ or neonatal complication occurred. Pregnancy in women with Marfan 

syndromee seems to be associated with a high rate of miscarriages, premature deliveries, 

PPROM,, and increased mortality in the offspring. An obstetric and/or neonatal 

complicationn occurred in a similar proportion of pregnancies in women with, versus 

womenn without, a diagnosis of Marfan syndrome before pregnancy (39% vs. 43%, P=.71, 

respectively). . 

Inn our study the observed rate of miscarriages was 20% (28/142), which is higher than 

thee expected rate of 13% 1516. However, there were 3 women who together accounted 

forr 10 miscarriages, nothing in the family history or physical characteristics of these 

womenn distinguished them from the other women. Pyeritz et al also observed a small 

groupp of women with Marfan syndrome and habitual abortions 8. The authors 

hypothesizedd that, as a result of genetic heterogeneity, certain patients may have a 

particularr connective tissue abnormality associated with an increased risk of 

miscarriage.. Without the women with habitual abortion the rate was 12.7 %, which 

seemss not different from the expected rate. 

Prematuree delivery occurred in 2 women who had cervical incompetence during 3 

pregnanciess in our study, one of these children died due to the complications of 

prematurity. . 
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PPROMM occurs in a normal population in approximately 1 percent of all pregnancies 7, in 

ourr study PPROM complicated 6 (5%) pregnancies. In 3 other small Marfan studies the 

prevalencee of PPROM varied between 0-2.5 %. however fewer pregnancies were analysed 

inn these studies 7'818. The majority of women who have pregnancies complicated by 

PPROMM also deliver preterm, in most cases within one week of membrane rupture. 

PPROMM and subsequent premature birth are both leading causes of fetal/neonatal 

morbidityy and mortality. In our study, 2 children died in the PPROM group due to 

hydropss foetalis and prematurity. 

AA relation between PPROM and connective tissue disease in the neonate has been 

suggestedd 17. In our study in 3 out of 6 children born after PPROM the diagnosis of 

Marfann syndrome has been established, which is in fact the expected rate (50%) for 

Marfann syndrome in the offspring. In the other 3 children born after PPROM, 1 child is 

stilll  suspected for Marfan syndrome and the 2 other children the diagnosis of Marfan 

syndromee is unknown because both died shortly after birth, (see above) No relation 

betweenn Marfan syndrome and hydrops foetalis has been described. Therefore we cannot 

excludee that a relation is present, between PPROM and Marfan syndrome in the neonate. 

Diagnosiss of Marfan syndrome 
Duringg 75 completed pregnancies the patient was not yet known with Marfan 

syndrome.. This number indicates that it is still difficult for physicians to recognize 

patientss with Marfan syndrome. It seems that patients with a cardiovascular severe 

formm of Marfan syndrome were equally distributed between women with a diagnosis 

off  Marfan syndrome before pregnancy versus women with a diagnosis of Marfan 

syndromee after pregnancy; the rate of aortic root replacement (24%) after pregnancy 

andd family history of dissection (28%) was similar in these 2 subgroups. More 

spontaneouss mutations were observed in women with a diagnosis after pregnancy, which 

iss to be expected since it is more obvious to suspect the diagnosis of Marfan syndrome 

withh a family history. 

AA complication occurred in 39% of pregnancies in women with a diagnosis of Marfan 

syndromee before pregnancy compared to 43% of pregnancies in women with a diagnosis 

off  Marfan syndrome after pregnancy, which is not significantly different. We observed 

thatt women known with Marfan syndrome before pregnancy had less gestational 

hypertensionn and preeclampsia, possibly due to the use of beta blocking therapy during 

188 pregnancies 19. The standard therapy in patients with Marfan syndrome is beta-

blockers,, because it slows down the rate of aortic dilatation and the occurrence of 
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aorticc complications in these patients 20. On the other  hand, beta-blocking therapy is 

associatedd with low birt h weight, which was more frequently observed in women 

knownn with Marfan syndrome before pregnancy. 

Presently,, there is no consensus about the safest and most optimal mode of delivery 

inn women with Marfan syndrome. We observed in our  study that in women with a 

diagnosiss of Marfan syndrome before pregnancy more primar y caesarean sections 

(n== 11,31%) were performed, especially for  cardiac reasons, compared to women with 

aa diagnosis of Marfan syndrome after  pregnancy (5%) and compared to the Dutch general 

populationn (11%) 21. The high rate of caesarean section reflects caution or  fear  of 

obstetricianss and cardiologists for  cardiac complications. However, in accordance with 

Dee Bie et al. maternal cardiovascular  complication rate was around 1 % 22. In our  group a 

nonn fatal type B dissection in one woman - with a previous type A dissection prior  to 

pregnancyy - occurred during pregnancy. The concerns of vaginal delivery are the increase 

off  systolic and diastolic blood pressure during each uterine contraction. The rise in 

systemicc blood pressure is dependent upon the magnitude and intensity of uterine 

contractions,, position of the parturient , and the amount of pain and anxiety she is feeling. 

Itt  is unknown if a cesarean section is trul y safer  in women with an enlarged aortic 

diameter.. The concerns about cesarean delivery include: 1) general anesthesia, if 

required,, incurs blood pressure fluctuations associated with intubation and the 

anestheticc agent, 2) increased blood loss, twice as great as with vaginal delivery 3) 

increasedd risk of wound and uterine infection 4) increased risk of thrombo-embolic 

complications.. Therefore, in every individual woman, especially in women with 

enlargedd aortic diameters, the pros and cons of vaginal delivery and cesarean section 

shouldd be given full consideration. We recommend a vaginal delivery, also for  patients 

withh an enlarged aortic root diameter  or  previous elective Bentall operation, with a 

shortt  second stage of labor  and a low threshold for  assisted delivery (vacuum or  forceps). 

Indeed,, the number  of assisted vaginal deliveries was higher  in the women with an 

alreadyy established diagnosis of Marfan syndrome compared to women with a diagnosis 

afterr  pregnancy. Furthermore, it is known that women placed in a left lateral recumbent 

positionn during labor  experience reduced volume shifts. Epidural anesthesia has been 

recommendedd for  pain relief and thereby reduction of blood pressure and heart 

frequency.. However, it should be considered that in 95% of Marfan patients dural 

ectasiaa -one of the major  criteri a for  Marfan syndrome- are present, which might result 

inn considerable dilutio n of anesthetic medication 23. 
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Limitation ss of the study 
Severall  limitations must be noted. The retrospective design necessitated a review of 

patient'ss medical records and consequently missing values are inevitable. Furthermore, , 

selectionn bias may have occurred and influenced our results because the outcome of 

pregnancyy was investigated in a "survival cohort". Contemporaneous applicability may 

influencee the complication rate found in this study. 

Conclusion n 
Pregnancyy in women with Marfan syndrome is associated with a high rate of 

miscarriagess maybe due to habitual abortions, premature deliveries, PPROM, and 

increasedd mortality in the offspring. 
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Abstract t 
Objective: : 

Thee leading cause of premature death in patients with Marfan's syndrome is type A 

aorticc dissection or rupture due to progressive aortic root dilatation. Aim of this study 

wass to analyse aortic root growth in 113 men and 108 women with Marfan's syndrome. 

Methodss and Results: 

Alll  patients were prospectively followed with serial echocardiograms of the native 

aorticc root. At baseline women had an on average 5 mm smaller aortic root diameter 

adjustedd for age than men. Average aortic root growth was 0.42 (SE 0.05) mm per year 

inn men and 0.38 (SE 0.04) mm per year in women. Based on aortic root diameter growth 

rates,, both the male and female population could be divided into 2 normally distributed 

subgroups:: fast growers and slow growers. Approximately 1 in 7 men had a fast growing 

aorticc root diameter (1.5 mm/year (SE 0.5)), and approximately 1 in 9 women (1.8 mm/ 

yearr (SE 0.3)). Significantly more type A dissections (25% vs 4 %, p<0.001) were observed 

inn fast growers compared to slow growers; this was found both in men and in women. 

AA type A dissection was observed in 4 men and 9 women. Lowering the cut-off value 

byy 5 mm for elective aortic root replacement in women, a type A dissection could have 

beenn prevented in 3 women. 

Conclusion: : 

Guideliness should take sex-differences into account and therefore we propose to 

considerr a lowering of the threshold for elective aortic root replacement by 5 mm in 

womenn with Marfan syndrome. 
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Introductio n n 
Thee manifestations of Marfan's syndrome primarily involve the cardiovascular, 

musculoskeletall  and ocular systems l. The leading cause of premature death in patients 

withh Marfan's syndrome is type A aortic dissection or rupture due to progressive aortic 

roott dilatation 2. A few longitudinal studies have been conducted to determine the 

ratee of change in aortic root diameter in men and women with Marfan syndrome, but 

thesee were limited in scope 3A. Aim of this study was to analyse aortic root growth in 

aa large cohort of men and women with Marfan's syndrome. 

Methods s 
Betweenn January 1993 and December 2003, 221 adults with a definite diagnosis of 

Marfan'ss syndrome were prospectively followed with serial echocardiograms of the 

nativee aortic root in the Academic Medical Center (Amsterdam) and the Radboud 

Universityy Hospital Nijmegen, Medical Center, The Netherlands 5. Only patients > 18 

yearss of whom at least 2 echocardiograms were available, were included. Of these 

patients,, information regarding cardiovascular status, family history for Marfan's 

syndrome,, and use of beta-blocking agents was obtained. 

Echocardiographicc measurements of the aortic root diameter were made by M mode 

andd cross sectional echocardiography at the level of the sinuses of Valsalva 6 J. The 

measurementss by M mode echocardiography were performed according to the 

recommendationss of the American Society of Echocardiography 8 and guided by cross 

sectionall  mode. With cross sectional echocardiography the aortic root diameter was 

imagedd in the long axis parasternal view. 

Statisticall  analysis 
Al ll  analyses were done separately for male and female patients. Repeated 

measurementss of the aortic root diameters were modelled with linear mixed-effects 

regressionn models. Age at the diameter measurement was used as a covariate. The 

interceptss and slopes of the regression lines were allowed to differ between patients, 

andd were assumed to follow a bivariate normal distribution. The assumed linearity of 

thee regression line of diameter on age was checked by extending the mixed-effects 

modell  in two ways. First, we considered quadratic and cubic polynomials of age in the 

regressionn model, and secondly we considered breakpoint-models in which the linear 

growthh with age changed at a random age. The model with the lowest Akaike 
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Informationn Criterion value was chosen as the best-fitting model. SAS proc mixed, and 

procproc niraixed procedures were used for these analyses. Subgroups of patients with faster 

andd slower growth of the aortic root diameter were identified by extending the linear 

mixed-effectss model assuming that the intercept and slopes followed a mixture of two 

bivariatee normal distributions, representing patients with fast- and patients with slow-

growing-aorticc root diameters. The parameters of this model were estimated with the 

MCMC-algorithmm of the Winbugs program. 

Subsequently,, we assessed the relation - again separately for men and women - between 

subgroupp classification ('patients with fast growing diameters' versus 'patients with 

sloww growing diameters') and the following 6 outcomes: age at first measurement, 

aorticc root diameter at first measurement, beta-blocker use (yes/no), family-background 

(positivee for Marfan, positive for dissection, mutant), elective aortic root replacement 

(yes/no),, and type A dissection (yes/no). Data are described as frequencies or as means 

withh standard deviations. A two sided level of 0.05 was used for each statistical test. 

Results s 
Sexx differences 
Multiplee aortic root diameter measurements were available of 113 men and 108 women. 

Thee clinical characteristics of these patients are presented in table 1. Beta-blockers 

weree used by 81 (72%) men and by 66 (61%) women. The median number of repeated 

measurementss was 6.0 (range 2-15) in men and 6.5 (range 2-22) in women. At baseline 

womenn had an on average 5 (SE 0.86) mm smaller aortic root diameter adjusted for age 

Tablee 1. Clinical characteristics of 221 patients with Marfan's Syndrome at initial visit 

Variables s 

Mediann age at first echocardiogram (yrs) 
Range e 

Mediann aortic root diameter (mm) at first echocardiogram 
Range e 

Meann follow-up (yrs) 
Range e 

Familyy history 
Positivee for Marfan 
Positivee for dissection 
Mutant t 
Unknown n 

Men n 
n*113 3 

25 5 
18-65 5 
42 2 

28-62 2 
6.77 (4.2) 
0.1-15.9 9 

300 (27%) 
49(43%) ) 
333 (29%) 
1(1%) ) 

Women n 
n=108 8 

27 7 
18-68 8 
37 7 

25-60 0 
7.22 (4.4) 
0.1-22.0 0 

299 (26%) 
455 (42%) 
322 (30%) 
2(2%) ) 
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thann men. During a mean follow-up of 7 years significantly more elective aortic root 

replacementss were performed in men compared to women (26 (23%) vs 13 (12%), 

p=0.03).. In contrast, fewer type A dissections occurred in men compared to women (4 

(4%)vs9(8%),p=0.13) ) 

Aorticc root growth 
Changee of aortic root diameter with age is illustrated, separately for men and women in 

figuree 1, Assuming linear growth, average aortic root growth was 0.42 (SE 0.05) mm per 

yearr in men and 0.38 (SE 0.04) mm per year in women. The best fit found was a linear 

aree given together with the 95% confidence intervals. 
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288 38 48 58 68 
Agee (yrs) 

188 28 38 48 58 68 
Agee (yrs) 

Figuree 2: Separately for men (A) and women (B), the observed aorta root diameters in relation to age in 
alll  patients separately. The bold lines represent the 'average' linear regression lines of the subgroups 
off  patients with slow and fast growing aortic root diameters. 

growthh model - both in the male and female population-, however this model could be 

improvedd by distinguishing 2 normally distributed subgroups, namely those with fast 

andd those with slow growing diameters. Approximately 1 in 7 men (15%) had a fast 

growingg aortic root diameter (1.5 mm/year (SE 0.5)), and approximately 1 in 9 women 

(11%)) (1.8 mm/year (SE 0.3)). Slow growth of the aortic root was 0.36 mm/year (SE 0.04) 

inn men, and 0.27 mm/year (SE 0.03) in women. The associated 'average' regression lines 
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forr  fast and slow growth are shown in figure 2, separately for  men and women. 

Patientss with a fast growing diameter  compared to patients with a slow growing diameter 

hadd significantly larger  aortic root diameters at first measurement, and this was found 

bothh in men (48 vs 42 mm, p=0.01), and in women (42 vs 37 mm, p=0.03). Age at first 

diameter-measurement,, beta-blocker  use, and family background were not associated 

withh a fast or  slow growing diameter  (p=0.50; p=0.33: p=0.20). In patients with fast 

growingg diameter  compared to patients with slow growing diameter  significantly more 

electivee aortic root replacements (66% vs 12%, p< 0.001). and significantly more type A 

dissectionss (25% vs 4 %, p<0.001) were observed; this was again found in both men and 

inn women. 

Typee A dissection 
Thirteenn patients (4 men (3-5%) and 9 women (8.3%)) had a type A dissection during a 

meann follow-up of 7 years. The mean aortic root diameter  before type A dissection 

wass 55 (SD 4) mm (range 50-60 mm) in men, and 50 (SD 7) mm (range 40-58 mm) in 

women.. Eight (2 men/ 6 women) of the 13 patients with a type A dissection had aortic 

roott  diameters smaller  than is indicated in current guidelines as cut-off value for 

electivee aortic root replacement. Identifyin g patients with fast aortic root growth as 

patientss at risk could have prevented a type A dissection in 2 patients (1 man/1 woman). 

Loweringg the cut-off value for  elective aortic root replacement in women by 5 mm, a 

typee A dissection could have be prevented in an additional 3 women. However, in 3 

patientss (1 man/ 2 women) a type A dissection could still not have been prevented. 

Formula a 
Inn the appendix we provide details about the calculations required to compute the 

likelihoodd that a patient is belonging to the fast-growing subgroup. We implemented 

thi ss in a Java-applet as an on-line calculator  at www.concor.net. To use this formula, 

thee aortic root diameter  has to be measured at least twice. The formula becomes more 

accuratee if more measurements are provided and is only valid for  adults (>18 years). 

Discussion n 
Ourr  study provides data on the natural course of aortic root diameter  growth in a very 

largee population of men and women with Marfan' s syndrome. Aorti c root diameter 

correctedd for  age differs between men and women. Approximately 15 % of men and 
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11%% of women have a fast growing aortic root diameter and are at increased risk for type 

AA dissection. A formula is provided to identify patients at risk for a fast growing aortic 

roott diameter. 

Inn current guidelines for elective aortic root surgery, aortic root diameter differences 

betweenn men and women are not taken into account 9. However, in recent years, a 

growingg number of studies have reported differences in aortic complications between 

menn and women10"12. McDonald et al described increased late mortality, due to aortic 

rupturee in non-Marfan women after aortic valve operations for aortic regurgitation. 

Thee authors advocated to adjust aortic diameters for body surface area and to intervene 

earlierr for aortic aneurysms in women than in men 11,12. In the Framingham study, 

evenn after adjustment for BSA and age, the aortic root diameter was still 2.4 mm smaller 

inn healthy women compared to men 13. In our study, women with Marfan syndrome 

hadd an on average 5 mm smaller aortic root diameter adjusted for age than men. More 

typee A dissections occurred in women compared to men, especially in the range 5 mm 

beloww threshold for elective aortic root replacement. In our study, a type A dissection 

couldd possibly have been prevented in 3 of 9 women, if a 5 mm lower threshold would 

havee been used for aortic root surgery. In contrast, more men had elective aortic root 

replacement,, probably because in men the threshold for elective aortic root replacement 

iss reached more easily. 

Thiss is the first study with a sufficiently large population and long time follow up to 

alloww accurate determination of the "natural growth" of the aortic root in patients 

withh Marfan's syndrome. Statistical analysis of this relatively large data set revealed 

thatt patients can be subdivided into 2 groups on the basis of aortic root growth pattern: 

"fastt and slow growers". In our study approximately 15 percent of men and 11 percent 

off  women belonged to a subgroup of patients with fast growing aortic root diameters. 

Currently,, it is assumed that patients with an aortic root growth > 2 mm/yr are at 

increasedd risk of dissection, This is the first study which allows a more accurate 

estimationn of fast aortic root growth (men 1.5 mm/yr, women 1.7 mm/yr). As these 

patientss are at increased risk for aortic dissection, it is important to identify these 

patientss at an early stage. Still, the aortic root diameter itself is the most critical 

parameterr for the risk of dissection. In this article a formula - and an online calculator 

att www.concor.net - is provided, which can be used in clinical practice to identify adults 
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withh Marfan syndrome at risk for  fast aortic root growth. We advocate echocardiographic 

follow-upp of the aortic root twice a year  for  these patients and elective aortic root surgery 

shouldd be considered at smaller aortic root diameters than is advised in current 

guidelines. . 

Furthermore,, guidelines should take sex-differences into account and therefore we 

proposee to consider  a lowering of the threshold for  elective aortic root replacement 

byy 5 mm in women. 
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APPENDIXX - Some details of the statistical 
analysis s 
Wee assumed that there are two subgroups in our population of patients with Marfan's 

syndrome,, and that one consists of patients with slow growing aortic root, and that 

thee other consists of patients with fast growing aortic root. The proportion of patients 

inn the subgroup with fast aortic root growth is denoted by n, and was estimated from 

thee available data. 

Wee assumed further that in a random patient the aortic root diameter increases with 

increasingg age according to a linear regression line: Yit = at + bi *  xi t + eit, where Yit is 

thee aortic root diameter of patient i at age x.t, ei t is a normally distributed residual 

withh mean 0 and variance a2, and a, and b{  are the usual intercept- and slope-parameters, 

butt specific for patient i. Hence, each patient has its 'own' regression line. Finally, we 

assumedd that the regression-parameters (a.b) followed a bivariate normal distribution 

inn each subgroup. The means of (a,b) are (oc0,P0) in the subgroup of patients with a 

sloww growing aortic root, and (a1,p1) in the subgroup with fast growth. The variances 

off  (a,b) are ZQ and E r All these parameters (ag.pQ.oCj.Pj.Eg.Xj.a2) were estimated from 

thee available data. 

Forr estimation we used an MCMC-algorithm implemented in the Winbugs program. 

Thee improved fi t to the data of this model with two subgroups compared to a model 

withh only one group is illustrated by the fact that the (posterior) deviance of the two-

subgroupp model is 58 points lower than the deviance of the one-group model in men, 

andd 9 points in women. Our estimates of [aQ,$0,a1,$rYl0£1,a
2) are given in the table 

below,, and in between brackets are given the posterior standard deviations which 

mayy be loosely interpreted as standard errors. Notice that the variances X0 and Zj are 

Women n 
n=108 8 

11%% (95% ci= 5% - 25%) 

29.99 (0.90). 0.27 (0.026) 

29.77 (29.8), -0.50 (0.28). 0.023 (0.009) 

-0,766 (8.45), 1.77 (0.30) 

4.855 O0.1), 0.00 (1.19). 0.18 (0.19) 

2.622 (0.16) 

It t 

Oo.P0 0 

*o o 
«i-Pi i 
*i *i 
a2 2 

Men n 
n=113 3 

15%%  (95% ci: 8%-29%) 

32.55 (1.0), 0.36 (0.035) 

28.66 (12.2), -0.42 (0.34), 0.023 (0.010) 

10.33 (12.1), 1.47 (0.49) 

13022 (815). -46.8 (29.9). 2.0 (1.26) 

2.355 (0.14) 
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2*22 symmetric matrices. 

Ourr results may be used to calculate the probability that a person belongs to the subgroup 

off  fast aortic root growth as soon as two or more diameter-measurements are available. 

Lett y1 yk be the available diameters measured at ages x, xk. The posterior probability 

thatt this individual belongs to the fast growing aortic root subgroup equals 

Pr(fastt growthl^ , . . ,̂ r1..., xk)= n*i l(y1,..,yk\x1....xk) _ 
rc*Myi.-.ykrc*Myi.-.yk  |x1,..,xk)+(l-7i)*f 0(y1,..,yk|x1,..,xk) 

wheree {Q{. |.)) and fx{. |.) are the density-functions of the k-variate normal distributions 

withh means and variances depending on the estimated parameters (a0,p0,a1PprI 0, 

IpG2),, and the ages when diameters were measured. 
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Summary y 
Thiss thesis concerns several aspects regarding the clinical care of patients with the 

Marfann syndrome. The Marfan syndrome is an autosomal dominantly inherited 

disorderr of connective tissue, associated with mutations in the fibrilli n I gene, in 

whichh ocular, skeletal, cardiovascular, pulmonary and neurological features may be 

presentt in a highly variable degree. Clinical management of patients with Marfan 

syndromee is primarily aimed at prevention of aortic root dissection, as this 

complicationn is associated with high mortality. Current guidelines for prophylactic 

replacementt of the aortic root in patients with Marfan syndrome depend heavily on 

accuratee measurement of aortic root size. This is generally performed by means of 

echocardiographyy at the level of the sinus of valsalva in the parasternal long-axis view, 

ass recommended by the American Society of Echocardiography. According to these 

guideliness the distance between the non-coronary cusp and right coronary cusp is 

measuredd and expressed as 'the' aortic root diameter, thus neglecting asymmetry of 

thee trilobar shaped aortic root. In chapter  II  a study is described in which aortic root 

asymmetryy was investigated by magnetic resonance (MR) imaging in patients with 

Marfann syndrome and these measurements were compared with standardly performed 

echocardiography.. In our study we found no clinically difference between MR imaging 

andd echocardiography in the assessment of the non-coronary cusp to right coronary 

cuspp aortic root diameter. The majority of patients with Marfan syndrome show 

asymmetricc dilation of the aortic root on MR images. This phenomenon may go 

unnoticedd when standard echocardiography is performed. The asymmetry of the aortic 

roott might be of clinical importance in unexpected aortic root dissection. 

Ass fibrillin- 1 is a component of the myocardium it has been speculated that the fibrilli n 

defectt may predispose patients with Marfan syndrome to left ventricular dilatation 

andd reduced left ventricular function. In a recent study described in chapter  li t left 

ventricularr dimensions and systolic function were investigated with echocardiography 

inn 234 patients with Marfan syndrome without previous aortic root surgery and without 

significantt aortic and/or mitral valve regurgitation. Left ventricular dimensions and 

systolicc function were normal in most patients with Marfan syndrome. The left 

ventriclee was dilated in 7% of patients with Marfan syndrome, yet the criteria for 

idiopathicc dilated cardiomyopathy were not fulfilled in any of the patients. During 6 

yearss follow up no abnormal change in left ventricular dimensions or systolic function 

wass observed. 
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Althoughh prophylactic composite graft repair of the aortic root has contributed 

considerablyy to an increased survival of patients with Marfan syndrome, a high 

frequencyy of early and late post operative complications has been reported. Coronary 

ostiall  aneurysm is a relatively unknown post-operative complication, both after aortic 

valvee sparing operations and after composite aortic valve replacement (chapter  IV). In 

aa series of 40 patients with Marfan syndrome who underwent MR imaging 3 months 

too 19 years after elective aortic root surgery 17 (43%) patients had coronary ostial 

aneurysm.. Coronary ostial aneurysms were more frequently seen in patients < 35 

yearss of age at operation versus those > 35 years of age. The prevalence of coronary 

ostiall  aneurysm was not influenced by time after operation. Therefore, it seems likely 

thatt coronary ostial aneurysms are not progressive and develop due to perioperative 

stretchh of the weakened wall of the coronary ostium. 

Althoughh the risk of aortic dissection increases as aortic diameter increase, dissections 

mayy also occur in non-dilated aortas. Aortic elasticity has been investigated as a 

potentiall  additional predictor for aortic complications. So far, this has only been done 

inn non-operated patients with Marfan syndrome. However, also following aortic root 

replacementt patients deserve permanent attention, because aneurysms and dissection 

off  the aorta may develop beyond the site of the graft. We used MR imaging to assess 

aorticc elasticity in 39 patients with Marfan syndrome after elective aortic root 

replacementt and in 78 non-operated patients with Marfan syndrome (chapter  V). 

Finkbohnerr et al demonstrated no difference in incidence of aneurysm or dissection 

inn the thoracoabdominal aorta between electively operated and non-operated patients 

withh Marfan syndrome during a follow-up period of > 25 years. This agrees with our 

findingg of comparable aortic elasticity in non-operated and electively operated patients, 

suggestingg that patients after an elective aortic root replacement may not be at higher 

riskk for aortic complications than non-operated patients. 

Earlyy treatment with fi-blocking therapy has been shown to improve survival in patients 

withh Marfan syndrome. As surgical techniques have continued to improve, it is now 

possiblee to replace almost the entire aorta with a Dacron graft. Yet, native aortic tissue 

iss still left in the button of main side branches at reimplantation sites. Also, small 

islandss of native aorta need to remain in place for the nourishment of the spinal cord. 

Thereforee it has become a question whether or not B-blocking therapy should be 

continuedd in these patients. On the one hand it might prevent dilatation in the 

remainingg native aortic tissue. On the other hand, increased vascular resistance during 
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B-adrenergicc blockade may have an unfavourable hemodynamic effect, considering 

thatt most of the aorta has been replaced by a stiff non-compliant graft. A study described 

inn chapter  VI, showed increased pulse pressure, systolic pressure, wave speed and 

wavee reflections in patients with Marfan syndrome after entire aortic replacement 

comparedd to controls. Use of atenolol or labetalol did not decrease aortic pressure in 

thesee patients, while atenolol increased wave reflections in the Dacron aorta. Therefore, 

thee beneficial effect of atenolol in patients with Marfan syndrome after entire aortic 

replacementt is doubtful. Further studies with larger number of patients are needed to 

confirmm our observations. In the appendix of chapter  VI, the case of a 34 year old 

womann with Marfan syndrome is discussed, who developed compression of the left 

mainn bronchus and pulmonary artery after staged entire aortic replacement with Dacron 

arteriall  grafts. Compression of the left main bronchus and pulmonary artery due to 

aneurysmall  dilation is a rare complication. In this patient, aneurysmal dilation was 

probablyy due to island reimplantation, which decreases the integrity of the Dacron 

graft,, and degeneration of native aorta tissue left behind to secure spinal cord 

nourishment.. This case stresses the importance of limitation of island reimplantation 

inn patients with intrinsic aortic wall disease. Furthermore imaging in these patients 

shouldd be performed at regular intervals. 

InIn women with Marfan syndrome pregnancy presents an increased risk for dilatation, 

dissectionn and rupture of the aorta. Currently, there is still debate regarding the aortic 

roott diameter above which pregnancy should be discouraged. Chapter  VTI  involves a 

studyy in which the effect of pregnancy on growth of the aortic root in women with 

Marfann syndrome was evaluated. No aortic dissections occurred in 22 patients who 

didd not have a previous aortic dissection and whose aortic root diameter was < 45mm. 

Onlyy one woman who had a previous type A dissection, developed a type B dissection 

duringg her second pregnancy. Before, during and after pregnancy there was no 

significantt individual aortic root diameter change (in 31 pregnancies). In the long run, 

womenn with an aortic root diameter > 40 mm at pregnancy showed a slightly accelerated 

growthh of the aortic root. We concluded that pregnancy in women with Marfan 

syndromee seems to be relatively safe up to an aortic root diameter of 45 mm. 

Dataa concerning obstetric complications in women with Marfan syndrome and neonatal 

outcomess are limited. Currently, no evidence-based guidelines are available regarding 

pregnancyy and delivery in women with Marfan syndrome, resulting in a lack of 
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consensuss about the optimal management during labor. In chapter  VII I  a retrospective 

studyy is described which reports on 142 pregnancies (111 > 20 weeks gestation) in 63 

womenn with definite diagnosis of Marfan syndrome. In 41 % of all completed 

pregnanciess an obstetric and/ or neonatal complication occurred. Pregnancy in women 

withh Marfan syndrome seems to be associated with a high rate of miscarriages, 

prematuree deliveries, preterm premature rupture of membranes, and increased 

mortalityy in the offspring. An obstetric and/ or neonatal complication occurred in a 

similarr proportion of pregnancies in women with a diagnosis of Marfan syndrome 

beforee pregnancy versus women with a diagnosis of Marfan syndrome after pregnancy. 

Thee leading cause of premature death in patients with Marfan syndrome is type A 

aorticc dissection or rupture due to progressive aortic root dilatation. In chapter  IX a 

studyy is described which provides data on the natural course of aortic root diameter 

growthh in a very large population of men and women with Marfan syndrome. At 

baseline,, women had an on average 5 mm smaller aortic root diameter adjusted for 

agee than men. Based on aortic root diameter growth rates, both the male and female 

populationn could be divided into 2 normally distributed subgroups: fast growers and 

sloww growers, Significantly more type A dissections were observed in fast growers 

comparedd to slow growers; this was found both in men and in women. Lowering the 

cut-offf  value by 5 mm for elective aortic root replacement in women, a type A dissection 

couldd have been prevented in 3 women. Guidelines should take sex-differences into 

accountt and therefore we propose to consider a lowering of the threshold for elective 

aorticc root replacement by 5 mm in women with Marfan syndrome. 
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Samenvatting g 

Inn dit proefschrift worden verschillende aspecten bestudeerd die van belang zijn voor 

dee klinische behandeling van patiënten met het Marfan syndroom. Het Marfan 

syndroomm is een autosomaal dominant overervende bindweefselziekte met 

karakteristiekee manifestaties in het hart, de grote vaten, de ogen en het skelet. De 

prevalentiee wordt geschat op 1:5000. De klinische behandeling van Marfan patiënten 

iss vooral gericht op preventie van aortadissectie, omdat deze complicatie geassocieerd 

iss met een hoge mortaliteit. De huidige richtlijnen voor electieve vervanging van de 

aortawortell  zijn gebaseerd op een nauwkeurig gemeten diameter van de aortawortel. 

Meestall  wordt dit gedaan door middel van echocardiografie op het niveau van de sinus 

vann Valsava, zoals aangeraden wordt door de American society of Echocardiografie. 

Volgenss deze richtlijnen is de "diameter van de aortawortel" de afstand tussen de 

niet-coronairee sinus en de rechter coronaire sinus. Er wordt daarbij echter geen 

rekeningg gehouden met de drielobbige structuur van de aortawortel. In hoofdstuk II 

wordtt een studie beschreven waarin de asymmetrie van de aortawortel is onderzocht 

mett MRI ('Magnetic Resonance Imaging') bij patiënten met het Marfan syndroom. In 

dezee studie werd de echocardiografische standaard meting vergeleken met metingen 

opp basis van MRI in verschillende richtingen. Er werd geen significant klinisch verschil 

gevondenn tussen MRI en echocardiografie in het meten van de standaard diameter 

(niet-coronairee sinus tot de rechter coronaire sinus). Dit betekent dat MRI en 

echocardiografiee gelijkwaardig aan elkaar zijn bij het volgen van de aorta groei bij 

Marfann patiënten. Bij de meeste patiënten werd asymmetrische dilatatie van de 

aortawortell  gezien. Dit fenomeen kan onopgemerkt blijven als alleen standaard 

echocardiografiee wordt gebruikt. De asymmetrie van de aortawortel kan van klinisch 

belangg zijn bij niet verwachte aortawortel dissecties. 

Hett genetische defect dat Marfan syndroom veroorzaakt, betreft het gen voor het eiwit 

fibrilhne,, wat onder andere een bestanddeel is van het myocard. Er is gespeculeerd 

datt een fibrillin e defect een verhoogd risico geeft op linker ventrikel dilatatie en 

verminderdee linker ventrikel functie. In een recente studie, beschreven in hoofdstuk 

m,, werden met behulp van echocardiografie de linker ventrikel diameters en systolische 

functiee onderzocht bij 234 Marfan patiënten die geen aortawortel vervanging hebben 

ondergaann en zonder significante aorta- en/of mitralis regurgitatie. Linker ventrikel 

diameterss en systolische functie waren normaal in de meeste patiënten met het Marfan 
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syndroom.. Hoewel de linker ventrikel gedilateerd was in 7% van de patiënten, voldeden 

geenn van de patiënten aan de criteria voor de diagnose van idiopatische gedilateerde 

cardiomyopathie.. Gedurende een follow-up van 6 jaar werden er geen abnormale 

veranderingenn in linker ventrikel diameters of systolische functie gezien. 

Weliswaarr heeft electieve vervanging van de aortawortel de overlevingsduur van 

patiëntenn met het Marfan syndroom aanzienlijk verlengd, deze ingreep kan echter 

leidenn tot vroege en late complicaties. Ectasieën van de coronair ostia zijn een relatief 

onbekendee postoperatieve complicatie na aortaklepsparende en klepvervangende 

operaties.. In de studie die in hoofdstuk IV wordt beschreven, werd met behulp van 

MRII  aangetoond dat coronair ostium ectasieën vóórkomen bij 17 van de 40 (43%) 

onderzochtee Marfan patiënten. De hoeveelheid verstreken tijd sinds de operatie had 

geenn invloed op de prevalentie van coronair ostium ectasieën. We concludeerden dat 

coronairr ostium ectasieën een vaak voorkomende, laag-risico bevinding zijn bij Marfan 

patiëntenn na een electieve aortawortelvervanging. 

Hoewell  het risico op dissectie van de aorta toeneemt met het toenemen van de aorta 

diameter,, kan een dissectie ook plaatsvinden in een niet gedilateerde aorta. Elasticiteit 

vann de aorta is onderzocht als potentiële additionele voorspeller voor aortacomplicaties 

inn niet geopereerde patiënten met het Marfan syndroom. Na vervanging van de 

aortawortell  moeten de diameters van de gehele aorta gecontroleerd worden, omdat 

aneurysmall  en dissecties ook kunnen ontstaan in het descenderende gedeelte van 

dee aorta. In hoofdstuk V wordt de aortastijfheid vergeleken tussen 39 Marfan patiënten 

mett een electieve aortawortel vervanging en 78 Marfan patiënten zonder operatie. Er 

werdd geen verschil in de stijfheid van de aorta descendens gevonden tussen deze 2 

groepen.. Dit is in overeenstemming met de gelijke incidentie van aneurysmal en 

dissectiess in het descenderende gedeelte van de aorta bij electief geopereerde en niet 

geopereerdee patiënten. 

Doorr nieuwe en verbeterde operatietechnieken voor electieve aortawortel vervanging 

iss de levensverwachting voor Marfan patiënten sterk gestegen. Het is nu zelfs mogelijk 

omm bijna de gehele aorta te vervangen met een Dacron prothese. Er moeten in zulke 

gevallenn altijd "eilandjes" met eigen (Marfan) weefsel achter gelaten worden voor de 

bloedvoorzieningg van het ruggenmerg. Dit werpt de vraag op of zulke patiënten 

behandeldd moeten worden met B-blokkers. Niet-geopereerde patiënten worden 

tegenwoordigg met B-blokkers behandeld aangezien er is aangetoond dat B-blokkers de 

levensduurr verlengen. Echter, bij een aorta die uit Dacron bestaat met daartussen 
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natieff  weefsel doet zich een dilemma voor. Aan de ene kant kan deze medicatie mogelijk 

voorkomenn dat er dilatatie optreedt in het eigen achtergebleven kwetsbare weefsel. 

Aann de andere kant geeft fi-adrenerge medicatie een verhoogde perifere vasculaire 

weerstand,, wat negatieve hemodynamische effecten kan hebben in patiënten bij wie 

dee aorta is vervangen door een starre buis. 

Eenn studie beschreven in hoofdstuk VI, liet verhoogde polsdruk, systolische druk, 

golff  snelheid en golfreflecties zien bij patiënten met het Marfan syndroom na een totale 

aortavervangingg in vergelijking tot gezonde controles. „Het gebruik van atenolol of 

labetaloll  zorgde niet voor een verlaging van de bloeddruk bij deze patiënten; met 

atenololl  was er zelfs een toename in golfreflecties in de Dacron aorta prothese. Het is 

daaromm betwistbaar of atenolol bij deze patiënten nuttig is. Om onze resultaten te 

bevestigenn zijn er meer studies nodig met meer patiënten. In de appendix van 

hoofdstukk VI  wordt een casus beschreven van een jonge vrouw bij wie, na vervanging 

vann de gehele aorta door een Dacron prothese, compressie van de linker hoofdbronchus 

enn de arteria pulmonalis ontstond. Compressie van de linker hoofdbronchus en de 

arteriaa pulmonalis door aneurysmatische dilatatie is een zeldzame complicatie. De 

dilatatiee wordt waarschijnlijk veroorzaakt door verdere degeneratie van eigen aorta 

weefsell  in een eiland in de Dacron prothese; bovendien tasten deze eilanden ook de 

integriteitt van de prothese aan. Deze casus benadrukt het belang van terughoudendheid 

bijbij  het reïmplanteren van eilanden in patiënten met een bindweefsel afwijking. 

Bijj  vrouwen met het Marfan syndroom brengt zwangerschap een verhoogd risico op 

dilatatie,, dissectie en scheuren van de aorta met zich mee. Over het algemeen wordt 

zwangerschapp ontraden wanneer de aortawortel te sterk verwijd is. Momenteel is er 

echterr een discussie gaande over de vraag bij welke afmeting van de aortawortel 

diameterr zwangerschap nog als relatief veilig beschouwd kan worden. Hoofdstuk Vu 

bevatt een prospectieve studie waarin het effect van zwangerschap op groei van de 

aortawortell  werd onderzocht. Er werden geen aorta dissecties gezien in 22 vrouwen 

diee geen eerdere dissecties hadden doorgemaakt en bij wie de diameter van de 

aortawortell  < 45 mm was. Eén vrouw, met in de voorgeschiedenis een type A dissectie, 

ontwikkeldee een type B dissectie gedurende haar tweede zwangerschap. In 31 

zwangerschappenn werd er geen significante individuele groei van de aortawortel gezien 

bijj  metingen voor, tijdens en na de zwangerschap. We concludeerden dat zwangerschap 

relatieff  veilig is bij vrouwen met het Marfan syndroom en een diameter van de 

aortawortell  tot 45 mm. 
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Err zijn weinig gegevens bekend over obstetrische complicaties bij vrouwen met het 

Marfann syndroom noch over de gevolgen voor de pasgeborene. Op dit moment zijn 

voorr deze patiënten geen op feiten gebaseerde richtlijnen over zwangerschap 

beschikbaar.. Dit heeft tot gevolg dat er een gebrek aan consensus is over het optimale 

beleidd gedurende de bevalling. In hoofdstuk Vul wordt een retrospectieve studie 

beschrevenn waarin gerapporteerd wordt over 142 zwangerschappen bij 63 vrouwen 

mett het Marfan syndroom. In 41 % van alle voldragen zwangerschappen trad er een 

obstetrischee en/of neonatale complicatie op. Zwangerschap bij vrouwen met het Marfan 

syndroomm lijk t geassocieerd te zijn met een verhoogd aantal miskramen, 

vroeggeboortes,, voortijdig en prematuur breken van de vliezen, en verhoogde 

mortaliteitt in het nageslacht. Het bleek voor de aantallen obstetrische en neonatale 

complicatiess niet uit te maken of de vrouwen al voor of pas na hun zwangerschap op 

dee hoogte waren van de diagnose "Marfan syndroom". 

Dee voornaamste oorzaak van vroegtijdig overlijden bij patiënten met het Marfan 

syndroomm is een type A dissectie of ruptuur door progressieve aortawortel groei. In 

hoofdstukk IX wordt er een studie beschreven die informatie geeft over het verloop 

vann aortawortel groei in een grote populatie patiënten met het Marfan syndroom. Bij 

eenn gelijke leeftijd bleken vrouwen gemiddeld een 5 mm kleinere aortawortel diameter 

tee hebben dan mannen. Gebaseerd op aortawortel groei konden we onze populatie, 

zowell  de mannen als de vrouwen, opsplitsen in 2 normaal verdeelde groepen: snelle 

groeierss en langzame groeiers. Zowel bij de mannen als bij de vrouwen, werden er 

significantt meer type A dissecties gezien in snelle groeiers ten opzichte van langzame 

groeiers.. Als we de richtlijn voor electieve aortawortel vervanging in vrouwen met 5 

mmm hadden verlaagd, had een type A dissectie voorkomen kunnen worden in 3 

vrouwen.. Bij het opstellen van richtlijnen zouden sekseverschillen in acht genomen 

moetenn worden en daarom stellen we voor om te overwegen om de grens voor electieve 

aortawortell  vervanging bij vrouwen met 5 mm te verlagen. 
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Dankwoord d 

Allereerstt wil ik alle patiënten met het Marfan syndroom die meegedaan hebben aan de 

verschillendee studies hartelijk bedanken. 

Mij nn dank gaat uit naar mijn promotor Prof .dr. B.J.M Mulder. Beste Barbara, bij deze wil ik 

jee hartelijk danken voor het vertrouwen dat je altijd in mij gehad hebt. Mijn promotie is 

niett echt een standaard promotie geweest. Gelukkig was er altijd een bureau vrij voor mij 

inn jouw "bezemkast". Altij d maakte je tijd beschikbaar (op de tennisbaan, voetbalveld, etc.) 

omm mijn manuscripten na te kijken. Dankzij deze bliksembegeleiding is mijn promotie erg 

voorspoedigg verlopen. Ik ben bijzonder vereerd de eerste te zijn, die het voorrecht heeft bij 

dee eerste vrouwelijke hoogleraar Cardiologie in Nederland te mogen promoveren. 

Bestee Prof. Lie, ik zal het enthousiasme waarmee u mij als student heeft verwelkomd 

nooitt vergeten. 

Bestee Prof. Zwinderman, beste Koos, het is ongelofelijk hoe jij mensen weet te motiveren. 

Alss ik bij jou geweest was, ging ik altijd weer vol goede moed aan de slag. Ik ben dan ook 

zeerr trots dan jij in mijn promotiecommissie wilde plaatsnemen. 

Bestee Prof. Spaan, samen met Berend was ik in een eindeloos, onmogelijk project verzeild. 

Medee dank zij uw heldere blik, hebben we er toch nog een mooi artikel van gemaakt. 

Dee overige leden van de promotiecommissie, Prof. dr. CA.Visser, Prof. dr. J.J. Piek, 

Prof.dr.mr.. B.A.J.M de Mol, Prof. dr. J. Stoker, ben ik zeer erkentelijk voor het beschikbaar 

stellenn van hun expertise voor de beoordeling van de inhoud van mijn proefschrift en 

voorr hun bereidheid te opponeren. 

Dearr Prof Webb, dear Gary, during my seven months in Toronto, you made me feel so 

welcomee at your department. I find you an exceptional man and I am grateful that I had 

thee opportunity to work with you. 

Dearr Fiona Walker and Jeanine Allen, without you, my stay in Toronto would not have 

beenn so much fun. Isn't there a hospital somewhere in between England, Canada and the 

Netherlands? ? 
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Dearr Naeem Merchant, I became interested in Radiology thanks to your enthusiasm. 

Bestee Gijs, een dubbelpromotie zat er voor ons niet in. Het afgelopen jaar heb ik onze 

dagelijksee gesprekken erg gemist. 

Lievee Bob, als broer en zus deden we alles samen, hutten bouwen, hockeyen, schaatsen, 

schaken,, zeilen, etc. Het was dan ook niet echt een verrassing dat we ook allebei 

geneeskundee gingen studeren. Ik had echter een stuk meer mazzel bij de loting. Maar je 

liett je niet kennen en ging stug door in Leuven. Ik heb een groot respect voor jouw 

doorzettingsvermogen.. Ik ben trots dat jij mijn paranimf wil t zijn. 

Lievee Klaartje, vijfjaar geleden samen als student bij Barbara onderzoek gedaan. Gelukkig 

zijnn we elkaar nooit uit het oog verloren. Minstens 2 keer per maand moeten we even 

bijpratenn en dan kunnen we er weer volop tegenaan. Ik ben dan ook erg gelukkig dat jij 

mij,, als paranimf, bij deze belangrijke dag terzijde wil staan. 

Bestee Irma, Rianne, Jim en Denise, door julli e voelde ik me altijd welkom op de 

echokamer.. Hartelijk dank voor alle uitleg en hulp die julli e mij gegeven hebben. 

Bestee Rachel en Ruud, Hartelijk dank voor de hulp bij de MRI. 

Alleenn is een promotieonderzoek niet te doen. Gelukkig heb ik de afgelopen jaren met 

mijnn medeonderzoekers samen kunnen lachen, klagen en biertjes drinken. Alexander, 

Thomas,, Joris, Peter, Pieter,, Fons, Saskia, Igor, Anouk, Steven, Michiel, Martijn, Ayten, 

Marielle,, Gerlind, Jacobijne, Marc, Lea, hartelijk dank voor de leuke tijd. 

Bestee Lia en Irene, het was heerlijk dat we soms even lekker hard konden lachen. 

Bestee Regina en Anita, julli e zijn allebei goud waard. Ik zal julli e erg missen. 

Lievee Astrid, Elisabeth, Jenny, Marieke, Lotje, en Titia, dank zij julli e waren colleges en 

tentamenperiodess altijd gezellig. Gelukkig zien we elkaar nog elke maand en dat moet 

zekerr zo blijven. 

Lievee Oma, u nam de grote stap van Hilversum naar Wassenaar om meer bij ons te 

kunnenn zijn. Met grote belangstelling heeft u mijn promotieonderzoek gevolgd. Een 
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paarr  jaar  geleden vroeg u al: "Ben je nou al klaar, schiet een beetje op". Oma, het boekje 

ligtt  er  en de grote dag volgt nu snel. 

Lievee Mama, in je eentje 2 kinderen opvoeden is niet gemakkelijk. Ik ben je dan ook zeer 

dankbaarr  dat je mij  altij d hebt gesteund in alles wat ik wilde doen, zo ook tijdens mijn 

promotieonderzoek.. Samen gaan we er  een mooie dag van maken. 

Lievee Maarten, dankzij  jouw goede adviezen en hulp ligt hier  nu een mooi proefschrift. 

Liefje,, ik hou van je en samen gaan we een mooie toekomst tegemoet. 
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