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ChapterChapter IV 

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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