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ABSTRACT 

Background and Aim: The Button technique was the operative technique generally used for the reimplantation of 
coronary arteries in the aortic root replacement because of reduced anastomotic complications respect to the original 
wrapped operation described by Bentall and De Bono. The “Button Inside” technique is a modified Button technique 
recently performed in all consecutive series of patients operated on aortic root replacement at our Institution. In this 
study we report early postoperative angiographic results of patients operated on aortic root replacement using the “But- 
ton Inside” technique. Methods: Magnetic Resonance Imaging angiography was achieved in all patients operated on 
aortic root replacement. Morphological characteristics of the site of coronary buttons reattachment were accurately 
evaluated. Results: No postoperative anastomotic leakages were detected at the site of coronary buttons anastomosis. 
Moreover, in this first series of postoperative control aneurisms of coronary buttons were not detected. Conclusions: 
Early postoperative non-invasive angiographic results of the “Button Inside” technique are encouraging. This surgical 
approach for the reattachment of coronary arteries is suggested in aortic root replacement when is possible to mobilize 
coronary arteries in order to reduce coronary artery anastomotic complications. 
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1. Introduction 

The “Button Inside” technique is a modified Button 
technique used for the reattachment of coronary arteries 
in aortic root replacement (ARR) in our recent experi- 
ence. Although it has been reported to be safe [1], there 
are no data available over the follow-up results of this 
technique. Herein we report the non-invasive angiographic 
and clinical mid-term follow-up of the earliest series of 
patients treated with the “Button Inside” technique. 

2. Materials and Methods 

2.1. Patients Selection 

From July 2004 to November 2005, 8 patients underwent 
surgery for ARR had coronary artery reattachment using 
the “Button Inside” technique. Coronary buttons were 
mobilized and included through the openings inside the 
composite graft resting in the definitive position. Coro-  

nary buttons were sutured from inside of the composite 
graft with a running 5:0 Polipropilene suture [1]. Patient 
data are showed in Table 1. The first patient of this se- 
ries was an acute aortic dissection, one patient was a redo 
procedure for an ascending aorta aneurysm in previous 
mechanical aortic valve replacement, four patients had 
ascending aorta aneurysm and aortic valve incompetence, 
and two patients were affected by annuloaortic ectasia. 
None of these patients was affected by Marfan syndrome. 
Severe aortic incompetence was present in 7 patients. 
The mean age was 63.7 years (45 - 79). The local Ethical 
Committee approved the study protocol. 

2.2. MRI Protocol 

The Magnetic Resonance Imaging (MRI) angiography 
of the aortic root and of the origin of the coronary arteries 
was achieved with a 1.5 T superconducting imager (Sig- 
na; GE Medical Systems, Milwaukee, Wis) and Excite 
HD operating system software, along with a 8 channel 
cardiac phased-array coil to optimize signal detection. *Corresponding author. 
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Table 1. Patient data. 

Patient Sex Age Redo Composite graft Total p.o. bleeding

No.  (yrs) (Y/N) (size) (ml) 

1 M 65 N 25/28 450 

2 F 74 N 23/26 580 

3 M 56 N 25/28 420 

4 M 45 N 27/30 480 

5 M 72 N 25/28 620 

6 M 60 N 25/28 380 

7 M 59 Y 32* 450 

8 M 79 N 25**/28 350 

p.o. = Post-operative; Redo = Reoperation; * = Vascular graft; ** = Biologi- 
cal aortic valve prosthesis. 

 
The gadolinium-enhanced MR angiographic sequence 
was performed according to the method described by 
Prince [2]. Three-dimensional fast spoiled gradient-echo 
sequence with a spectral inversion at lipid (SPECIAL) 
sequence for fat suppression was used. The delay time 
between contrast administration and image acquisition 
was determined through an automated bolus detection 
technique (MR SmartPrep, GEMS, Waukesha, WI, USA) 
with the monitoring volume placed within the ascending 
aorta. Subtraction technique was not used in this method. 
Imaging parameters were as follows: 60 - 70 mm section 
thickness with 50 - 60 partitions (3 mm partition thick- 
ness), 1.5 mm reconstruction interval with the zero-fill- 
ing interpolation technique, 4.2 msec repetition time, 1 
msec echo time, 30˚ flip angle, 31.2 Hz acquisition 
bandwidth, 450 × 400 mm field of view, and a 256 × 192 
matrix. The section orientation was sagittal-oblique, al- 
lowing coverage of the entire thoracic aorta. Acquisition 
time was 16 - 20 seconds. With this pulse sequence, k 
space was acquired in the elliptical centric order, resulting 
in a shortened and more compact imaging period for ac-
quisition of central k-space data. A 22 gauge plastic in-
travenous catheter was placed in an antecubital vein. A 
total of 0.1 mmol/kg of body weight of gadopentetate 
dimeglumine (Magnevist; Schering, Berlin, Germany) 
was administered at a rate of 2 mL/sec with a power in-
jector (Spectris, Medrad; Maastricht, The Netherlands), 
which was then flushed with 20 mL of normal saline 
solution, also at 2 mL/sec. Image post-processing was 
performed on a dedicated workstation (Advantage 4.2, 
General Electric Medical Systems) where source images 
and subvolume MIP (maximum intensity projection) re-
formatted images along coronal-oblique and axial- 
oblique planes were evaluated in order to visualize the 
aortic root along with both origins of the coronary arter-
ies. 

3. Results 

There were no operative or hospital deaths. No intraop- 

erative and postoperative myocardial ischaemia verified. 
No postoperative re-exploration for bleeding occurred. 
Total mean postoperative bleeding was 4662 ml (350 - 
620). All patients were submitted to postoperative fol-
low-up. MRI angiography was performed in all patients 
at an average of 208.7 ± 14 days after surgery (range: 
175 - 234 days). The MRI angiography was focused to 
the evaluation of morphologic characteristics of the com- 
posite graft and coronary buttons anastomoses. MRI was 
performed only once during the follow-up. 

The average follow-up time was 4.1 ± 0.9 years (range: 
2.5 - 6.5 years). At follow up time all patients were in 
good clinical conditions. No patient had postoperative ster- 
nal wound complications and/or infective complications. 
No ECG changes were observed and no patient was clini-
cally suffering angina. Three patients were in NYHA I, 
four patients were in NYHA II and one patient was in 
NYHA II-III. Transthoracic two-dimensionally echocar-
diogramphy evaluated normal functioning aortic valve 
prosthesis in all patients and no perivalvular leaks pros-
thesis were documented. No changes between preopera-
tive and post-operative left ventricular ejection fraction 
(EF) occurred. MRI was performed at the MRI angiogra-
phy documented patent coronary ostia in all patients. No 
leakages of coronary buttons anastomoses were detected 
neither aneurysms of coronary buttons (Figures 1 and 2). 
Moreover, no leakages of proximal and distal composite 
graft anastomoses were detected. 

 

 

Figure 1. MRI angiography contrast-enhanced. Subvolume- 
MIP reconstructed view along oblique-coronal plane. Re- 
implanted coronary arteries (arrows) from inside of the 
composite graft. 

 

 

Figure 2. MRI angiography contrast-enhanced. Subvolume- 
MIP reconstructed view along axial-oblique plane. Reim- 
planted coronary arteries (arrows) from inside of the com- 
posite graft. 
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4. Comment 

The open Button technique was generally used from the 
beginning of 1990 as the standard surgical technique for 
the reattachment of coronary arteries to the composite 
graft in the ARR [3-6]. In selected cases of less mobi- 
lized coronary arteries Cabrol or Piehler technique may 
be performed to reimplant coronary arteries to the com- 
posite graft [7,8]. However, despite reduced complications 
of the Button technique respect to the in-situ coronary re- 
implantation of the original operation described by Bentall 
and De Bono [9], intraoperative and postoperative com- 
plications related to the coronary artery reimplantation 
may occur. Intraoperative bleeding from suture line of 
coronary buttons may be determinant for haemorragic 
complications. Adjunctive repairs may involve tearing of 
the coronary buttons and possible damage of the coro- 
nary ostia with consequent myocardial ischaemia. Post- 
operative coronay ostial complications may also occur 
[10-14]. Pseudoaneurysms at the site of suture line of 
coronary buttons, postoperative aneurysms of the sur-
rounding aortic tissue of coronary buttons, coronary 
kinking, and narrowing of reimplanted coronary ostia. 
We recently performed the “Button inside” technique for 
the reattachment of coronary arteries in the aortic root 
replacement [1]. From July 2004 this operative technique 
was achieved in all consecutive patients operated on 
ARR at our Institution. Immediate operative results of 
this surgical technique for coronary artery reattachment 
were impressive in terms of reduced intraoperative and 
postoperative coronary buttons anastomotic complica-
tions. In the present study we evaluated early postopera- 
tive angiographic results of the “Button inside” technique 
in this first series of patients using non invasive new im- 
aging technologies. The high performance of MRI an- 
giography to detect postoperative complications after 
ARR may also increase the visualization of small pseu- 
doaneurysms of coronary buttons non detectable by post- 
operative two-dimensionally echocardiography [11,12,14]. 
Moreover, MRI angiography may be reproduced several 
times and may represent the best non invasive choice for 
postoperative angiographic follow-up of patients oper- 
ated on ARR expecially when postoperative leakages of 
the prosthetic aortic segment and coronary button anas- 
tomoses are present in asymptomatic patients treatable by 
urgent reoperation. In all patients of our series coronary 
button anastomoses were well visualized with Gadolin- 
ium-enhanced MRI imaging. No coronary ostial leakages 
were detected with MRI angiography. No pseudoaneu- 
rysms at the site of coronary buttons reattachment neither 
aneurysms of the coronary buttons have been visualized. 
No proximal neither distal composite graft leakages have 
been detected. The good clinical conditions of all patients 
of our series and the early postoperative MRI angiographic 
results are very encouraging. The “Button inside” tech- 

nique for coronary artery reattachment in ARR may play a 
key role in reduced development of intraoperative and 
postoperative coronary ostial complications because of 
coronary buttons are not under the tension of the sys- 
temic pressure free outside of the composite graft as in 
the open button technique. Coronary buttons are sutured 
under lower tension inside of the composite graft directly 
reiforced by the outside sutured wall around the openings 
of the composite graft prosthesis. Comparative and larger 
series of patients operated on ARR with the two different 
operative techniques of coronary artery reimplantation 
will be necessary to assess the best surgical approach for 
the coronary buttons reattachment in the ARR and/or 
aortic valve sparing. 
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