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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. 
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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 
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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 
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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. 
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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 

35 5 



AorticAortic root asymmetry in Marfan patients 

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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