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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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