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1. Introduction 

The standard treatment for an ascending aorta aneurysm is radical resection and 
interposition of a tubular prosthesis.  
Involvement of other adjacent structures has dictated the employment of more complex 
surgical techniques. The surgical treatment of concomitant disease of the aortic valve, aortic 
root and ascending aorta started in 1968 with Bentall and De Bono (Bentall & De Bono, 
1968), who applied a new surgical technique bearing their names and that represents the 
standard surgical technique for this pathology. With this technique, the valve, aortic root 
and ascending aorta are resected, replaced with a prosthetic valvular conduit, and the 
coronary vessels are anastomised to the tubular prosthesis. Nowadays, this represents a 
widely accepted surgical strategy to treat concomitant disease at the three mentioned 
structures. Minimally invasive procedures have been reported in the treatment of these 
patients as well (Perrotta et al., 2008; Perrotta & Lentini, 2009). 
In contrast, treatment of moderate ascending aorta dilatation associated with aortic valvular 
disease and with or without mild involvement of the aortic root is still controversial, 
especially in high risk patients (Bahnson, 1982; Prenger et al., 1994; Svensson et al., 1992). 
While it is usually accepted that ascending aorta dilatation beyond 5 cm should be surgically 
replaced, opinions on the treatment below this limit are divided (Ergin et al., 1999). In older 
and high surgical risk patients, several conservative surgical techniques on the ascending aorta 
have been proposed, such as the “waistcoat” aortoplasty, the simple aortoplasty, the “S” shape 
aortoplasty and the “wrap” aortoplasty (Robicsek & Thubrikar, 1994; Mueller et al., 1997). 
Radical resection of the ascending aortic aneurysm is needed in order to eliminate all the 
pathologic tissue of the aorta damaged by degenerative processes, such as cystic 
medionecrosis, aterosclerosis, and inflammatory processes. Lack of resecting part of the 
degenerative tissue may predispose to new aneurysmatic dilatation.  

2. Histology and pathophisiology in aortic aneurysms 

In the presence of mild to moderate dilatation of the ascending aorta associated with aortic 
valve disease, it may be difficult to ascertain if the dilatation is secondary to the 
hemodynamic alterations produced by the valvulopathy or by a disease of the aortic wall. 
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Preoperative and intraoperative studies may help to evaluate the structure of the aortic wall 
in relation to its thickness, elasticity and endothelium continuity. This can be done through a 
macroscopic analysis or through an intraoperative histopathologic evaluation on a cryostatic 
section of the aortic wall (Roman et al., 1989; Imaizumi et al., 1982). 
The most frequent histological finding in patients with dilatation of the ascending aorta is 
cystic medionecrosis. However, results from histology may be very different and it is often 
difficult to distinguish the primary cause of dilatation (Mueller et al., 1997; Schlatmann & 
Becker, 1997a, 1997b; Hirst & Gore, 1976). In cystic medionecrosis it is possible to observe 
necrosis of the smooth muscular cells and a mucoid degeneration of the media, with 
accumulation of amorphic mucopolysaccaridic material in the vessel wall. Several authors 
(Schlatmann & Becker, 1997a; Klima et al., 1983) have observed that this is not a specific 
finding in patients with aortic ectasia and that positive-alcian basophile material is also 
present in the media of normal aortas. Furthermore, they noticed that the aortic alterations 
and their entities are mostly related to the patient’s age and that there are more quantitative 
than qualitative differences between the analysed sections of normal aortas and the 
aneurysmatic or dissected ones. With aging, in normal aortas it is possible to observe 
fragmentation of the elastine, fibrosis, reduction of muscular cells and mucopolysaccarides. 
This may suggest that histological alterations in the aortic wall are not the expression of a 
degenerative disease, but the consequence of the metabolic activity of the media as a 
response to hemodynamic stress. With time, the hemodynamic stress prevails on the 
metabolic reparative processes. This process happens faster in patients with hereditary 
connective diseases (i.e. Marfan syndrome), in which the metabolic reparative mechanism is 
genetically malfunctioning.  
Giving strength to the theory of hemodynamic stress, is the observation that the dilatation is 
more frequently localized on the lateral segment of the ascending aorta and on the aortic 
arch. The hemodynamic stress can be associated with an aortic valve disease. In these 
patients, a dilatation of the ascending aorta of various entities has been observed regardless 
of the presence of degenerative disease (Carrel et al., 1991). 

Patients with a mild or moderate dilatation of the ascending aorta in association with an 
aortic valve disease often undergo only aortic valve replacement (Prenger et al., 1994; 
Natsuaki et al., 1998), believing it is not necessary to replace the ascending aorta. In patients 
with aortic valve stenosis, the replacement of the aortic valve, reducing systolic blood flow 
produced by the valve stenosis, eliminates the hemodynamic turbulence in the ascending 
aorta (Yearwood et al., 1989; Jarchow & Kincaid, 1961; Stein & Sabbah, 1976). Similarly, the 
surgical correction of an aortic valve insufficiency reduces the systolic hypertension and the 
diastolic ventricular turbulences, restoring the normal blood pressure and blood flow (Stein 
& Sabbah, 1976; Laske et al., 1996). In both situations the hemodynamic stress on the aortic 
wall is reduced (Schlatmann & Becker, 1997b; Crawford et al., 1988). 

However, the removal of hemodynamic factors may not be sufficient to prevent further 
dilatation of the ascending aorta, and further dilatation may slowly progress according to 
the Laplace law (Natsuaki et al., 1998; Milano et al., 1998). For this reason, several surgical 
techniques of aortoplasty have been proposed in order to prevent this occurrence; some 
techniques modify only the aortic diameter without reinforcing (McCready & Pluth, 1979) 
the vessel, others instead reinforce (Robicsek, 1982) the vessel to prevent redilatation. 
The efficacy of this technique is still under question since complications and redilatation 
may occur at follow up. These controversial results may be related to the extreme 
heterogeneity of the enrolled patients in the literature reports; some had aneurysms of the 
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ascending aorta without aortic valve disease, others ascending aorta dissection or Marfan 
disease (Robicsek & Thubrikar, 1994; Carrel et al., 1991; Natsuaki et al., 1998; Barnett et al., 
1995). These last clinical conditions are usually associated with a high frequency of 
redilatation (Kouchoukos et al., 1986; Carrel et al., 1993; Lawrie et al., 1993). For this reason, 
an accurate selection of patients and a correct surgical indication is mandatory in patients 
who are candidates for aortoplasty surgery. 

3. Conservative treatment of an ascending aorta aneurysm 

The conservative surgical treatment for an ascending aorta aneurysm takes its origin not as 
an elective treatment of mild or moderate dilatation of the ascending aorta, but as a surgical 
alternative to the traditional radical technique of resection with a tubular (Wheat et al., 1964; 
Ggoves et al., 1964) or a tubular valvular graft (Bentall & De Bono, 1968; Cabrol et al., 1986) 
(Figure 1). 
 

 

Fig. 1. Dilatation of the ascending aorta. The patient is cannulated according to standard 
technique; the arterial cannula is placed into the ascending aorta or aortic arch, while the 
venous cannula is in the right atrium. The ascending aorta is clamped before the 
brachiocephalic truncus. The aortic vent can be positioned according to the surgeon’s 
preference.  
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It was McCready and Pluth (McCready & Pluth, 1979), who in 1979 reported the first 
conservative surgical technique for the treatment of an aneurysm of the ascending aorta, the 
so-called “simple aortoplasty”(Figure 2). They proposed an oval and longitudinal resection 
of the anterior wall of the ascending aorta. The aortotomy was sutured with a continuous 
double layer suture and in some cases reinforced by Teflon strips. In 1982, Robicsek 
(Robicsek, 1982) suggested his technique of aortoplasty, the so-called “external grafting” or 
“aortic wrap” (Figure 3), for the treatment of small aneurysms of the abdominal and thoracic 
aorta, and fusifom dilatation of the ascending aorta with associated valvular disease. The 
surgical procedure is similar to the one proposed by McCready, with an oval and 
longitudinal resection of the ascending aorta. The aorta is then reinforced by the application 
of a tubular prosthesis around the ascending aorta. The prosthesis is incised longitudinally 
and shaped around the vessel. The prosthesis is then stabilized by placing three sutures. 
 

 

Fig. 2. “Simple aortoplasty”. The ascending aorta is incised longitudinally and then an oval 
and longitudinal resection of the anterior wall of the ascending aorta is performed. The 
aortotomy can be sutured with a continuous double layer suture, or can be reinforced with 
Teflon felts. 
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Fig. 3. “Aortic wrap aortoplasty”. The surgical procedure is similar to the “simple 
aortoplasty”. The aorta is then reinforced by the application of a tubular prosthesis around 
the ascending aorta. The prosthesis is incised longitudinally and shaped around the vessel. 
The prosthesis is then stabilized by placing three sutures at the level of the three 
commissures.   

The results reported in the literature, both for the simple aortoplasty and for the aortic 
wrapping, are heterogeneous. However, most report advantages in using a conservative 
approach rather than radical surgery in selected cases (Carrel et al., 1991; Barnett et al., 
1995). 
The aortic cross clamp time and the extracorporeal circulation time are usually shorter, and 
this may represent an important factor in older patients requiring additional cardiac surgical 
procedures (Robicsek & Thubrikar, 1994; Mueller et al., 1997; Baumgartner et al., 1998). 
Results from studies reporting on conservative treatment of the ascending aorta are 
summarized in the next paragraph. 

4. Results from previous published studies 

Egloff (Egloff et al., 1982), in his study, compared the results of aortoplasty surgery (both 
simple aortoplasty and wrapping technique) with radical surgery. He found that the 
incidence of cerebrovascular thromboembolic events is higher in patients undergoing 
radical surgery that in those undergoing conservative surgery. However, it should be 
mentioned that in his report, Egloff included a heterogeneous study population. Half of the 
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patients had an acute or chronic ascending aorta dissection, while the other half had a 
dilatation of the ascending aorta of various entities and not always associated with an aortic 
valve disease. In 15% of the patients the aneurysm was related to Marfan syndrome, while 
in 4% of the population the aneurysm was related to syphilitic disease. There was not a 
specific indication for the type of surgery performed in relation to the specific pathology. 
This lack of specific indication may partly explain the higher incidence of redilatation of the 
ascending aorta after aortoplasty than after radical surgery.  
Carrel (Carrel et al., 1991) reported the results of 291 patients who underwent cardiac 

surgery and concomitant surgery on the ascending aorta. The surgical procedures employed 

were aortic remodeling and external wall support in 164 patients, composite graft 

replacement in 81 patients and supracoronary graft in 46 patients. Elective, urgent and 

emergent operations were included in the study. The overall mortality was 4.8%, and he 

showed good results, at both medium and long term. Compared to the graft replacement 

and supracoronary graft, the aortoplasty group had the lowest early mortality rates (1.8% vs 

9.8% vs 6.4%). The 5 and 10 year survival in the groups of patients undergoing aortic 

remodelling and external wall support, supracoronary graft and composite graft were, 

respectively, 93.5%, 82% and 80% and 83.8%, 73% and 67%. The incidence of reoperation at 

10 years was 3.6% versus 2.4 %, respectively, in the group of patients that underwent 

conservative surgery and in the group with composite graft. The incidence of postoperative 

bleeding was higher in patients undergoing radical surgery rather than conservative 

surgery. 

Barnett (Barnett et al., 1995) in 1995 evaluated the effectiveness of tailoring aortoplasty used 

to treat fusiform aneurysms of the ascending aorta. He reviewed results on 17 patients, of 

which nine had tailoring aortoplasty alone, and eight patients had aortoplasty and Dacron 

wrapping. In his study the author included patients with aortic valve disease associated 

with an aneurysm of the ascending aorta, with sizes ranging from 5 to 8 cm, confined to the 

tubular portion of the ascending aorta that narrowed to a normal diameter in the distal 

ascending aorta and with a normal diameter of the sinuses of Valsalva. All the patients 

underwent concomitant cardiac surgery procedures. The actuarial survival at 1 and 10 years 

was 81% and 63%, respectively. He concluded that in selected cases, tailoring aortoplasty 

can achieve long-term results comparable to those of resection and graft replacement of 

fusiform ascending aortic aneurysms. At the follow up (mean 4.4 years), the ascending aorta 

was studied with chest radiography alone without reporting any redilatation of the 

ascending aorta. This represents a limiting factor of the study, since the diagnosis of 

redilatation is important for defining the technique efficacy.  

Mueller (Mueller et al., 1997), in 1997, reported on 17 consecutive patients treated by 

unsupported aortoplasty for an aneurysm of the ascending aorta associated with aortic 

valve disease. Twelve patients had predominantly regurgitation of the aortic valve, and 5 

patients had stenosis. The ascending aorta diameter ranged from 5 to 5.5 cm. In 6 elderly 

and high-risk patients, the aorta was between 5.5 and 6 cm in diameter. He reported a 

hospital mortality of 12%. Survival at 7 years was 86.7%. Recurring aortic aneurysms, 

requiring reoperation, developed in 4 patients after a mean time of 63 months, with an 

event-free survival at 7 years of 41%. All of these 4 patients had aortic valve regurgitation 

and cystic medial necrosis. The author concludes that the high recurrence of aorta ascending 

aneurysm after aortoplasty in patients with aortic valve regurgitation is due to an intrinsic 

deficiency of the aortic wall. 
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In 1998 Baumgartner (Baumgartner et al., 1998) developed a modification of the reduction 
aortoplasty procedure as a modified “Z-plasty” (Figure 4) without the use of additional 
external prosthetic wrapping material. The aortoplasty was performed when moderately 
sized ascending aortic aneurysms were encountered during concomitant cardiac operations. 
The incision was S-shaped and on the lateral aspect of the ascending aorta, with biased 
excision of tissue predominantly in the bends of the "S". The aorta was then sutured using a 
double running suture. The procedure was performed in 23 patients with moderate 
ascending aorta aneurysms, the mean diameter being 5.0±0.7 cm, and not involving the 
sinuses of Valsalva; none had Marfan syndrome. Sixteen patients were studied with 
echocardiography at a mean follow-up of 9.9±12.6 months. Their mean intraoperative 
postreduction diameter was 2.9±0.65 cm, at the follow-up the aorta was 3.1±0.45 cm (p = 
NS). Of these, seven had a mean follow-up of 22.1±9.2 months. Their mean postreduction 
diameter of 2.9±0.5 cm increased to 3.1±0.35 cm (NS). The author says that this simple 
technique places stress on the suture line in a favorable orientation, it appears to have good 
mid-term results and it is best suited to moderately sized aneurysms. 
 

 

Fig. 4. “Z-plasty” aortoplasty. The incision of the ascending aorta is based on an “S-shape 
incision” and on the lateral aspect of the ascending aorta, with biased excision of tissue 
predominantly in the bends of the "S". The aorta is then sutured using a double running 
suture.  
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In 2002 Bauer (Bauer et al., 2002) reported of a total of 115 patients (36 female, 79 male) with 
bicuspid aortic valve and dilatation of the ascending aorta who underwent reduction 
aortoplasty alone or in combination with another cardiac procedure. In 106 patients (group 
I), reduction aortoplasty, “simple aortoplasty”, was performed without additional external 
prosthetic support of the aortic wall. In the remaining 9 patients (group II), the aorta was 
externally supported by wrapping the ascending aorta with a prosthetic graft. None of the 
patients had characteristics of Marfan syndrome, as this surgical technique should be 
considered contraindicated in patients with this syndrome. The patients were 
postoperatively studied with CT and echocardiography during a mean follow-up time of 40 
months (range 12 to 144 months). No reoperations on the ascending aorta or aortic valve 
during the follow-up period were reported. The 5-year survival rate was 94%±3.1%. During 
the late follow-up, a significant increase (> 4 mm) of the ascending aortic diameter was 
found in 9 patients (8.9%) from group I and in none from group II. The author observed that 
a factor that influenced the redilatation was the early postreduction diameter. He suggested 
that to avoid redilatation, the diameter of the ascending aorta should be reduced to 35 mm 
or less or the aorta should be supported externally by a tubular graft. 
Viganó (Viganó et al., 2002), in 2002, reported the description of a different conservative 
surgery on the ascending aorta, named “end-to-end anastomosis” (Figure 5), designed for 
patients undergoing a ministernotomy approach for ascending aortic aneurysm with minor 
involvement of the sinotubular junction. He reported on 45 patients with a diagnosis of 
chronic ascending aorta aneurysm, including also patients with type A aortic dissection. To 
reduce the aneurysmatic section of the aorta he suggested performing two circumferential 
aortotomies: the first at the level of the sinotubular junction and the second at the distal 
border of the aneurysm. At this stage aortic valve surgery could be performed, if needed. 
The resulting resected wall is a cuneiform segment of the ascending aorta, that if opened on 
its anterior aspect, assumes a typical butterfly shape. Finally the two ends of the ascending 
aorta are sutured together with a running suture, eventually reinforced by Teflon strips. 
Patients were studied with computed tomography and echocardiography. During the 
follow-up period (23.7±12.3 months) a very low redilatation rate (1 of 43; 2.3%) and no 
incidence of pseudoaneurysm were reported; 1 patient required reoperation.  
 

 

Fig. 5. After clamping the ascending aorta, distally to the aneurysm, the aorta is opened and 
then resected between two circumferential aortotomies: first at level of sinotubular junction 
and second at distal edge of aneurysm (1). Two ends of aorta, without tension, are finally 
sutured with a continuous (2). 
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Later, Masetti (Masetti et al., 2004), in a smaller series of patients undergoing “end-to-end 
anastomosis” suggested a modification of the previously described technique with the aim to 
facilitate the surgical approach. The horizontal aorta is largely mobilized, mainly by dissecting 
the first portion of supra-aortic trunks and by dissecting pericardial reflections adjacent to the 
inferior vena cava and left atrium. Then, after clamping the ascending aorta and resecting the 
aneurysm by two circumferential aortotomies, the two aortic ends may be sutured together 
with a reduced tension. The patients were postoperatively studied with CT scan during a 
median follow-up time of 72 months per patient (10.5±102.7 months). At the follow-up, the 
mean aortic diameters showed no statistically significant enlargement when compared with 
the findings of aortic contrast CT scan at discharge. The author concludes that cuneiform 
resection of the aorta ascendens and end-to-end ansastomosis provides effective long-term 
outcomes. This technique should be used only in patients with ascending aorta aneurysm 
associated with structural aortic valve disease. Patients with Marfan syndrome or other 
inherited connective tissue disorders should be not considered for this treatment. 
Gaeta (Gaeta et al., 2009), in a recent report focused on some surgical details of the “end to end 

technique”, reported on specific anatomic indications for this type of surgery. He recommended 

a preoperative CT scan spatial reconstruction of the thoracic aorta. The ideal candidate for this 

technique has “an elongated aorta in the antero-lateral wall; the postero-medial wall is usually 

restrained by the pulmonary artery and it maintains the original length”. 

Cotrufo (Della Corte et al., 2003; Cotrufo et al., 2003), in 2003, reported the results of 73 

patients with a non-complicated dilatation of the ascending aorta associated with aortic 

valve structural disease, who underwent aortic valve replacement and “waistcoat 

aortoplasty”; some of these patients underwent plication of the sinuses of Valsalva as well. 

The surgical indication for associated aortoplasty was an aortic ratio >1.5 at either sinusal, 

tubular, or both levels. The aorta was incised longitudinally, starting from the aortic clamp 

towards the commissure between the right coronary sinus and the non-coronary sinus. At 

above 2 cm before reaching the commissure, the incision was deflected at an angle of 90° 

and continued towards the commissure between the left coronary and the non-coronary 

sinus. A triangular resection of the dilated aortic wall was then obtained by extending the 

incision from above the commissure to the distal end of the incision.  At this point, surgery 

on the aortic valve was performed according the surgeon’s preference. In patients with 

associated dilatation of the aortic sinuses, in order to treat the dilatation of the aortic sinuses 

and to remodel the aortic root geometry, each stitch bite placed on the aortic annulus, 

included the redundant subcoronary portion of the aortic wall. When implanting the 

prosthesis, and drawing the stitches tight, a bidimensional, longitudinal and radial plication 

of the three sinuses was achieved, thereby reducing the distance between the coronary ostia 

and the aortic annulus. The aorta was reconstructed using a double layer technique termed a 

“waistcoat aortoplasty”. A first suture line fixed the right posterolateral free edge of the 

resection to the inner surface of the anterior wall, leaving a 1 to 2 cm wide anterior lap. The 

anterior lap was then used to cover and reinforce the neo-aortic wall, and its free margin 

was sutured on the right posterior wall (Figure 6 to 8). At follow-up, the ascending aorta 

was studied with echocardiography. The author reports that a significant postoperative 

reduction of Valsalva sinuses, sinustubular and ascending aorta diameters were found 

compared to the preoperative values. In 53 patients at a mean follow-up of 33.8±10.2 

months, there was no significant enlargement of the aorta compared to 48 h postoperatively 

(P=0.32, P=0.15, P=0.38 respectively). Furthermore, no cases of postoperative aneurysm or 
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aortic valve complications were recorded and the sinus plication did not interfere with the 

prosthesis leaflet movements. The author assesses that the “waistcoat aortoplasty”, reducing 

the diameter of the ascending aorta and reinforcing the aortic wall, is indicated only in 

asymmetric dilatation of the ascending aorta associated with primary structural aortic valve 

disease; while in symmetrical dilatation a radical surgery is recommended. 

 

 

Fig. 6. “Waistcoat aortoplasty”. The aorta is longitudinally incised, starting from the clamp 
towards the commissure between the right coronary sinus and the non-coronary sinus. At 
above 2 cm before reaching the commissure, the incision is deflected at an angle of 90° and 
continued towards the commissure between the left coronary and the non-coronary sinus 
(1). The native aortic valve is excised (2). 

 

 

Fig. 7. The prosthetic valve is implanted (1). The sutures to anchor the aortic valve are 
driven in through the subcoronary aortic wall and out through the annulus. When 
implanting the prosthesis, there is a longitudinal plication of the sinuses (2). 
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Fig. 8. A triangular resection of the dilated aortic wall is obtained by extending the incision from 

above the commissure to the distal end of the incision (1). The right edge of the aortotomy is 

sutured to the inner surface of the anterior wall with a suture line starting from the right 

coronary ostium (2). The suture line continues longitudinally leaving a 2 cm wide anterior lap 

(3). The remaining anterior lap is sutured to cover and to reinforce the aortic wall (4). 

In 2004, Arsan (Arsan et al., 2004) reported on 62 consecutive patients that underwent 
treatment for ascending aorta aneurysm by reduction aortoplasty and external wrapping 
during cardiac concomitant procedures. The mean preoperative aortic diameter was 
52.7±0.5 mm and the diameter of the ascending aorta was greater than 45 mm in all patients. 
Mean follow-up time was 39.6±18.0 months (range 8 to 78 months). No mortality was 
registered during a 30-day period. The hospital mortality was 1.6%, one patient died as 
result of septic multiple-organ failure. Comparing the aortic diameter before surgery (AD1), 
aortic diameter in early postoperative (AD2) and aortic diameter during the late 
postoperative period (AD3), reduction aortoplasty of the ascending aorta with external 
wrapping resulted in a significant reduction of the ascending aorta diameter in all patients 
(AD1 versus AD2 and AD3, p=0.000).  There was also a statistically significant difference 
between the ascending aortic diameters measured during early and late follow-up (AD2 
versus AD3, p=0.000). Although this increase was statistically significant, all measurements 
of the follow-up period in groups AD2 and AD3 were still within the normal range. The 
author concluded that external wrapping of the aorta offers excellent results with very low 
mortality and morbidity, and it can be regarded as a safe and effective method for the 
treatment of ascending aortic aneurysm in selected patients. However, the patients should 
be carefully monitored for redilatation after the procedure. 
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The same author (Arsan, 2004) reported as well on 4 high-risk patients who underwent off-
pump reduction aortoplasty and concomitant myocardial revascularization. In these 
patients, the diameter of the ascending aorta was less than 6 cm and there were no 
calcification, atherosclerotic penetrating ulcers, or suspicion of dissection. The author 
routinely performs an external wrapping technique without incising or excising the diseased 
aorta, a “sandwich technique”. The tubular graft is tailored to the diseased aorta 
longitudinally using separate, full-thickness U sutures. This technique can be performed 
easily even on the beating heart in high risk patients in order to prevent complications. 
According to the author, this technique could be the procedure of choice in selected high-
risk cases for the treatment of borderline ascending aortic aneurysms in patients undergoing 
coronary revascularization.  
Polvani (Polvani et al., 2006), in 2006, published a study where he evaluated the midterm 
follow-up of unsupported aortoplasty and determined predictors of redilatation. He 
reported on 68 patients with dilatation of the ascending aorta treated by unsupported 
reduction aortoplasty in combination with other cardiac procedures. Indication for surgery 
was an aortic diameter between 40 and 50 mm for younger patients and up to 60 mm for 
older patients or in high risk patients, with the aim to reduce aortic cross-clamp and 
perfusion times. Mean follow-up time was 2.9±1.7 years. The overall perioperative mortality 
rate was 1.5%. Overall survival estimates at 3 and 6 years were 93.3%±4.5% and 89.3%±5.9%, 
respectively. Ascending aorta redilatation occurred in 5 patients (7.5%). The actuarial 
freedom from redilatation at 3 and 6 years was 97.7%±2.3% and 79.8%±8.4%, respectively. 
The actuarial freedom from reoperation at 3 and 6 years was 100% and 86.3%±7.5%, 
respectively. Only preoperative diameter was a significant predictor of redilatation, using 
multivariate stepwise logistic regression analysis. In the author’s experience, unsupported 
aortoplasty resulted in a safe and effective technique with low mortality, low morbidity, and 
few late complications for selected chronic aneurysm of the ascending aorta with diameters 
less than 55 mm. A diameter greater than 55 mm is an independent risk factor for 
redilatation, and it should be considered a contraindication to this procedure and may be 
considered an indication to the Dacron graft support.  
Walker (Walker et al., 2007), in 2007, investigated the postoperative stability and preservation 
of the physiologic elasticity of the reconstructed ascending aorta (Windkessel function). He 
collected the results of 97 patients who underwent aortoplasty without external stabilization, 
for a moderate enlargement of the ascending aorta up to 5 cm, as a concomitant procedure 
during cardiac surgery. Patients with Marfan syndrome, aneurysms of the sinus of Valsalva, 
aneurysms of the aortic arch and patients with an infective origin of the aneurysm were 
excluded. Hospital mortality was 3%. At 32 months follow-up, fifty-four patients agreed to be 
examined by computed tomographic scan (determination of the aortic diameter) and 
transthoracic echocardiography (determination of the Windkessel function). Mean dilatation 
during the time from early postoperative measurement to follow-up was 0.17 cm (±0.27 cm; CI 
0.09 to 0.25 cm). In six patients with a follow-up of 60 months who had both early and late 
postoperative diameter assessment, the mean postoperative dilatation was 0.04 cm (±0.15 cm; 
CI 0.11 to 0.20 cm). By transthoracic echography, the diastolic-systolic augmentation 
(Windkessel function) of the ascending aorta was confirmed, with a median amplitude value 
of 0.25 cm (range, 0 to 1.1 cm). These results were compared with data from patients who 
received a tubular graft on the ascending aorta. They had only minor diameter changes during 
systole and diastole: median 0.06 cm (range, 0 to 0.12 cm). The systolic augmentation of 
patients with aortoplasty was 250% in comparison with those who received a tubular graft on 
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the ascending aorta (CI 157% to 375%). The author concludes that aortoplasty without external 
support is a valid treatment in patients with moderate dilatation of the ascending aorta and 
preserves the Windkessel function of the ascending aorta. 
In 2007, Feindt (Feindt et al., 2007), in a retrospective study, analyzed the results of a cohort 
of 50 patients who underwent size-reducing ascending aortoplasty with external wrapping. 
The maximum diameter of the ascending aorta in this group was measured between 45 and 
65 mm without dilation of the sinotubular junction and aortic arch. Aortoplasty was 
associated with other cardiac procedures such as aortic valve replacement in 47 cases. The 
procedure was performed with low hospital mortality (2%) and a low postoperative 
morbidity. Computer tomographic and echocardiographic diameters were significantly 
smaller after reduction (55.8±9 mm down to 40.51 (±6.2 mm (CT), p < 0.002; 54.1±6.7 mm 
preoperatively down to 38.7±7.1 mm (echocardiography), p < 0.002), with stable 
performance at follow-up (mean follow-up time: 70 months, complete in 31 patients). The 
authors concluded that ascending aorta aortoplasty with external reinforcement is a safe 
procedure with excellent long-term results and that it is a therapeutic option in patients with 
poststenotic dilatation of the aorta, without dilatation of the sinotubular junction.  
Belov (Belov et al., 2009), in 2009, compared the early results and late outcome in two groups 
of patients. Group 1 had prosthetic ascending aorta replacement, while group 2 had 
reduction aortoplasty and external wrapping. All had a diameter of the ascending aorta ≥5 
cm and a sinus of Valsalva diameter <4.5 cm. Group 1 had longer cardiopulmonary bypass 
time, higher reoperation for bleeding and higher mortality. None of the patients in group 2 
needed reoperation due to ascending aorta redilatation nor significant enlargement of the 
Valsalva sinuses during the follow-up. According to Belov, the main criterion for 
performing or not performing an aortoplasty with external wrapping on the ascending aorta 
should only be the diameter at the level of the Valsalva sinuses, rather than the ascending 
aorta maximal diameter. He considered a diameter <4.5 cm at the Valsalva sinuses as an 
appropriate condition for performing a reduction aortoplasty. On the other hand, important 
enlargement of the ascending aorta usually leads to aortic root dilatation; reduction 
aortoplasty with external wrapping may be impossible in these circumstances.  
In the same year, Zhang (Zhang et al., 2010) published his report of 71 patients with 
fusiform ascending aortic aneurysms and aortic valve disease who underwent reinforced 
reduction aortoplasty associated with aortic valve replacement (RRA group, n 32) or 
ascending aortic replacement combined with aortic valve replacement (AAR group, n 39). 
Patients requiring other concomitant cardiac procedures were excluded, as well patients 
with Marfan syndrome. The mean follow-up time was 3 years and 4 months. The 
cardiopulmonary bypass time, the aortic cross clamp time and the length of stay were 
higher in the AAR group than in the RRA group. The overall survival rate in all patients 
was 88.6%±4.5% at 5 years. The 5-year survival rate was 90.7%±6.4% in the RRA group and 
87.0%±6.3% in the AAR group. There were no reoperations on the aorta or aortic valve in all 
patients during follow-up. In both groups, the aorta was studied at the level of the aortic 
sinuses and proximal aortic arch, and no significant differences between the postoperative 
and late follow-up diameters were found in the RRA and in the AAR groups.  
In 2009, Haddad (Haddad et al., 2009) published an article in which he analyzed the results 
of 6 high risk patients, with a Euroscore between 11 and 19, with ascending aortic aneurysm 
and aortic valve disease, who underwent reduction aortoplasty with external wrapping 
associated with the aortic valve replacement. The inclusion criteria were: patients with aortic 
valve disease with surgical indication, ascending aortic diameter >5.5 cm, EuroSCORE >6 
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and age over 60 years; the mean diameter of the sinotubular junction was 36 mm. The 
exclusion criteria were: presence of dissections of the ascending aorta and Marfan 
syndrome. At follow-up (28 months), the actuarial survival rate was 100%, and none of 
patients needed reoperation. The author concludes that, despite the limitations of the study 
(small sample of patients, mid-term follow-up, selected and not random population), the 
reduction aortoplasty associated with external wrapping and aortic valve replacement is a 
therapeutic option with promising midterm results in high surgical risk patients with 
ascending aortic aneurysm and aortic valve disease. 
In a recent article published in 2010, Hwang (Hwang et al., 2010), in his series of 88 patients, 
evaluates the long-term results of aortoplasty performed with aortic valve surgery and 
compared the results in patients with bicuspid aortic valve with those in patients with 
tricuspid aortic valve. Indication for aortoplasty was a moderately dilated ascending aorta 
with a diameter between 40–50 mm. Patients with combined aortic root dilatation (diameter 
of the sinus of Valsalva greater than 5 cm and/or displaced coronary ostia distal to the sino-
tubular junction), and patients with systemic connective tissue disease were excluded. 
Operative mortality was 1.1%. The overall 10-year survival rate was 91.1%. No patients 
suffered from aorta-related complications such as aortic dissection, rupture or aortic 
reoperation. At follow-up of 74 months per patient, a CT scan was performed to evaluate the 
ascending aorta. The mean diameter of the repaired aorta was 37.8±4.3 mm and none had a 
diameter greater than 5 cm. The author assesses that the reduction ascending aortoplasty for 
a moderate ascending aortic aneurysm combined with aortic valve disease can be performed 
with low periprocedural risks and good long-term results. 
Recently, Ang (Ang et al., 2010) reported on the early impact of aortic wrapping in patients 
undergoing aortic valve replacement with mild to moderate ascending aorta dilatation. An 
important finding of this study refers to “the reduction of the diameter and reversed 
remodeling of the aorta not only at the site of dilatation but also proximally and distally to 
the aortic wrapping”. These results suggest that “correction of dimensions of a dilated 
ascending aorta at an early stage, and before irreversible anatomical changes take place, 
results in the rapid reversed remodeling of the rest of the aorta, probably due to the 
restoration of normal blood flow haemodynamics”.  

5. Discussion and conclusions 

From the above mentioned studies we see that aortoplasty with or without external wrapping 
or simple wrapping alone may represent a surgical alternative for mild to moderate ascending 
aorta dilatation in high risk patients. However, some points should be addressed.  
The aortoplasty reduces the diameter of the ascending aorta and therefore reduces the 
tension on the aortic wall, but it does not reinforce the wall in itself. Blood ejected by the left 
ventricle hits an area of the ascending aorta, which after aortoplasty is less elastic and rather 
more fibrotic due to the formation of a scar on the suture line. Areas of the ascending aorta 
previously involved in the dilatation are still weakened by the hemodynamic stress trauma 
(Mueller et al., 1997; Robicsek, 1995). This mechanism could explain aneurysm recurrence 
observed after “simple aortoplasty” (Mueller et al., 1997; Egloff et al., 1982). Therefore, 
aortoplasty, even if it eliminates the aneurysm, may sometimes prove insufficient to prevent 
recurrence. 
Furthermore, simple aortoplasty may not be appropriate to treat patients with concomitant 
aortic root aneurysm (Mueller et al., 1997; Barnett et al., 1995). In order to reconstruct 
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physiologically the ascending aorta, the wall of the ascending aorta is incised longitudinally 
and an elliptical portion of the aortic wall is then removed. From its nature, the edges of the 
elliptical shape progressively reduce their width at the extremities. Using this technique, it 
could be difficult to extend the reductive aortoplasty to the sinuses of Valsalva. These 
limitations are not overcome by the technique suggested by Baumgartner (Baumgartner et al., 
1998); this technique is applicable to reduce the diameter of the ascending aorta, but it does not 
reinforce the aortic wall and it cannot be used to reduce a dilatation of the sinuses of Valsalva.  
Not unanimous is the consensus regarding the “external grafting technique” suggested by 
Robicsek. Incertitude is raised by the use of a prosthetic graft to reinforce the aortic root 
(Cooley, 1982; Gott, 1994).  Gott (Gott, 1994) has observed that this technique does not offer 
an adequate reinforcement of the aortic root, although Robicsek has indicated the dilatation 
of the sinuses of Valsalva and dilatation of the ascending aorta in patients with Marfan 
syndrome as pathologies treatable by external grafting. 
The tubular prosthetic graft should be adequately positioned in order to not compress the 
coronary ostia and compromise cardiac perfusion (Robicsek & Thubrikar, 1994;  Robicsek , 
1982; Barnett et al., 1995). Often, when a dilatation of the aortic root is present, the coronary 
ostia are dislocated distally and away from the annulus (Bahnson, 1982; Barnett et al., 1995; 
Gott, 1994; Lewis et al., 1992). They take origin from the distal part of the aneurysm. The 
remaining section of the aortic root under the coronary ostia remains, in these cases, 
unsupported. 
An adequate anchoring of the tubular graft is important to prevent complications.  Neri and 
colleagues (Neri et al., 1999) reported on 2 patients who developed false aneurysm of the 
ascending aorta after 7 and 11 years, respectively. Histological examination of the aortic wall 
underlying the reinforcement cuff revealed extensive wall degeneration. Dhillon and 
associates (Dhillon et al., 1986) observed late ruptures after wrapping of aortic aneurysms. 
In all 3 cases, the aortic wall had been eroded. Usually the border between the wrapped 
segment and the native aortic wall might be under high pressure, resulting in dissection and 
erosion of the native intima, producing a weakening of the aortic wall both proximally and 
distally. Akgun (Akgun et al., 2010) reported an aortic root aneurysm in a patient who 7 
years earlier underwent a reduction aortoplasty with external wrapping.  Bauer (Bauer et al., 
2003) found, in 1 patient, that the dacron wrapping had become dislocated by moving to the 
distal part of the ascending aorta, creating a sharp fold at the inner curve of the vessel. In 
this region he noted an extreme rarefaction of the aortic wall with impending rupture. To 
prevent late complications such as coronary compression, redilatation of the ascending aorta 
due to dislocation of the wrap, secure anchoring of the prosthetic wrap to the aorta is 
mandatory. Furthermore, to avoid alterations of the aortic wall, the prosthetic wrapping has 
to be well fitted to prevent the creation of folds, which may become areas of high 
mechanical stress. 
Limitations of the wrapping technique without aortoplasty, the “sandwich technique”, are 
that the available vascular graft prostheses may be insufficient in diameter to fit a large 
ascending aorta (Ergin et al., 1999; Carrel et al., 1991). The vascular prostheses have a crimped 
fabric, which allows the prostheses to be moderately bent without angulations. When trying 
to fit a straight prosthesis in a curvilinear aorta, the prosthesis develops wrinkles in the aortic 
concavity.  The wrinkles of the prosthesis may be responsible for erosion of the aortic wall 
with a resulting risk of rupture. Thus aortic wrapping could become more dangerous than 
dilatation itself. Tappainer (Tappainer et al., 2007) suggested a new technique for wrapping 
of the ascending aorta in association with aortic valve replacement. Usually, the aortic wrap 
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is constructed before aortic cross-clamping. The vascular dacron prosthesis is cut into two 
halves of 6 cm length. Both halves are opened longitudinally with a curved cut. Thus two 
dacron sheets are obtained from the prosthesis, each of them having one concave and one 
convex side. Finally, the sheets are joined by suturing the two convex sides together and the 
two concave sides together. A curved dacron hose 5 cm in diameter is obtained for external 
wrapping of the ascending aorta (Figure 9). After surgery on the aortic valve, the posterior 
aspect of the ascending aorta is freed completely from the pericardial reflection up to the 
innominate artery. In this way, the custom-built prosthesis is easily inserted for wrapping the 
ascending aorta. After closing the aortotomy and releasing the aortic clamp, the prosthesis is 
pulled down to cover the suture line and fixed with few adventitial stitches. No solid 
transmural stitches are usually needed with this technique because the curved prosthesis fits 
the curved ascending aorta. Similarly, after decannulation, the prosthesis is pulled up to 
cover the cannulation site. With this technique, the whole ascending aorta is covered by the 
prosthesis without wrinkles or bends. 
Thus, reduction aortoplasty seems to be a safe procedure and to give good postoperative 
outcomes. It could be a viable alternative to conventional aortic root replacement or 
interposition tube grafting in some selected patients. The underground wall disorder should 
be an aortic valve stenosis. Patients with cystic medial necrosis, connective disorders and 
ascending aorta dissections are not candidates for reduction aortoplasty; furthermore no 
calcifications or atherosclerotic penetrating ulcers should affect the aortic wall; aneurysms 
with an infective origin are to be excluded from this type of treatment. The dilatation should 
be localized only on the ascending aorta, between the sinotubular junction and not 
extending beyond the innominate artery and the aortic arch. The ascending aorta should be 
moderately dilated with a diameter of up to 5.5 cm. Patients with an ascending aorta larger 
than 5.5 cm could benefit from a reduction aortoplasty if they are older and at high surgical 
risk. As an appropriate condition for reduction aortoplasty, the diameter at the sinus of 

Valsalva should be up to 4.5 cm. The intra-operative reduction of the aorta should be to 3.5 
cm. The external wrapping should be anchored to minimize the risk of dislocation and it 
should be shaped anatomically on the ascending aorta. 
 

 

Fig. 9. Drawing of custom-made prosthesis preparation (1). Custom-made prosthesis before 
insertion (2). 
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