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Background. Reduction ascending aortoplasty is an
lternative procedure to the replacement of the ascending
orta in case of ascending aorta aneurysm without aortic
oot involvement. This study was designed to evaluate
he midterm follow-up of aortoplasty and to determine
redictors of redilatation.
Methods. From January 1, 1998, to April 30, 2005, 68

atients with dilatation of the ascending aorta under-
ent unsupported reduction aortoplasty in combination
ith other cardiac procedures. All patients underwent

ssociated surgical procedures. Sixty patients (88.2%)
nderwent associated aortic valve replacement. Cumula-

ive follow-up time was 191.4 patient-years and was 100%
omplete. Median follow-up time was 2.5 years, and
ean follow-up time was 2.9 � 1.7 years (range, 0.4 to 6.3

ears).
Results. The overall perioperative mortality rate was
.5%. Overall survival estimates at 3 and 6 years were
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3.3% � 4.5% and 89.3% � 5.9%, respectively. The actu-
rial freedom from cardiac-related death at 3 and 6 years
as 100% and 95.7% � 4.3%, respectively. Ascending

orta redilatation occurred in 5 patients (7.5%). The
ctuarial freedom from redilatation at 3 and 6 years was
7.7% � 2.3% and 79.8% � 8.4%, respectively. The actu-
rial freedom from reoperation at 3 and 6 years was 100%
nd 86.3% � 7.5%, respectively. Only preoperative diam-
ter was a significant predictor of redilatation using
ultivariate stepwise logistic regression analysis.
Conclusions. Unsupported reduction aortoplasty is a

afe and effective technique with low mortality, low
orbidity, and rare late complications for selected

hronic aneurysm of the ascending aorta with diameter
ess than 55 mm.

(Ann Thorac Surg 2006;82:586–91)

© 2006 by The Society of Thoracic Surgeons
variety of different surgical techniques are currently
available for the treatment of ascending aortic an-

urysm. The choice of the appropriate technique requires
areful consideration of many factors, such as aneurysm
orphology, the associated dilatation of the annulus or

inuses, the presence of aortic valve disease, and surgical
isks [1].

When the dilatation involves only the ascending aorta,
he most frequently performed procedure is the ascend-
ng aorta replacement, which is associated with eventual
ortic valve replacement if there is concomitant valve
isease. This procedure offers good results [2], but still
ntails significant risk, with both perioperative mortality
nd morbidity varying up to 10% [3–6].
Reduction ascending aortoplasty (RAA) is an alterna-

ive to the ascending aorta replacement in patients with
n ascending aortic aneurysm without aortic root in-
olvement [7]. It is a feasible technique that presents
arious advantages, such as being a less radical proce-
ure than Dacron graft replacement, a shorter cross-

ccepted for publication March 13, 2006.

ddress correspondence to Dr Barili, Department of Cardiac Surgery–
lamp time, and less bleeding. Moreover, lower rates of
ortality and morbidity have been reported with RAA

han with alternative procedures [8, 9].
However, as a result of a reported high aneurysm

ecurrence rate, RAA is considered a controversial sur-
ical option that is generally limited to select patients in
hom high perioperative risks necessitate shorter cross-

lamp time [10]. Reduction ascending aortoplasty is tra-
itionally indicated in older patients with nondissecting
orderline ascending aortic aneurysm and nondilated
ortic root, especially during operation for other cardiac
isease [1, 11, 12].
Different types of RAA are described and can be

upplemented with circumferential external reinforce-
ent using synthetic materials [6]. In our institute, we

erformed the procedure described by Robicsek and
oworkers [6, 7] without external reinforcement. This
tudy was designed to evaluate the midterm follow-up of
nsupported RAA and to determine predictors of
edilatation.

This article has been selected for the open discussion
forum on the CTSNet Web Site: http://www.ctsnet.

org/sections/newsandviews/discussions/index.html
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aterial and Methods

rom January 1, 1998, to April 30, 2005, 68 patients with
scending aortic dilatation underwent reduction aorto-
lasty alone or in combination with other cardiac proce-
ures. Data were collected prospectively and patients
ere followed up at regular (6 months) intervals. This

tudy had the approval of our institutional ethics com-
ittee, and written informed consent was obtained from

very patient by the senior investigator in accordance
ith institutional guidelines.
Aortoplasty was performed when patients presented
ith moderate ascending aorta dilatation, with aortic
iameters between 40 and 50 mm for younger patients
nd aortic diameters of up to 60 mm for older patients or
n patients for whom it was believed that reducing
ross-clamp and perfusion times would be beneficial
wing to coexisting diseases. In the event of aortic diam-
ters greater than 60 mm, aortoplasty was considered
nly when operative risk was very high.
Clinical variables are detailed in Table 1. The mean age

able 1. Preoperative Characteristics

haracteristic
Number or Mean

� SD
Percentage or

Range

ge (y) 61.9 � 12.3 22–78
ex
Male 41 60.3%
Female 27 39.7%
YHA functional

classification
Class I 5 7.3%
Class II 42 61.8%
Class III 21 30.9%

lectrocardiogram
Sinus rhythm 66 97.1%
Atrial fibrillation 2 2.9%

eft ventricular ejection
function

0.589 � 0.095 0.360–0.744

�0.50 59 86.8%
0.40–0.50 7 10.3%
�0.40 2 2.9%
ortic valve lesion 60 88.2%
Stenosis 21 30.9%
Insufficiency 23 33.8%
Mixed 6 8.8%
Bicuspid valve 10 14.7%

revious AVR 3 4.4%
oronary artery disease 11 16.1%
One-vessel 5 7.3%
Two-vessel 5 7.3%
Three-vessel 1 1.5%
itral valve disease 6 8.8%
Stenosis 3 4.4%
Insufficiency 3 4.4%

VR � aortic valve replacement; NYHA � New York Heart Associa-
ion; SD � standard deviation.
as 61.9 � 12.3 years (median, 64.5 years; range, 22 to 78 c
ears). Forty-one patients were male (60.3%), and 92.7%
f patients were in New York Heart Association func-
ional class II or III.

We performed a preoperative echocardiography and a
omputed tomographic scan of the chest to evaluate the
iameter of the ascending aorta in all patients. Aneurysm
iameter was measured at the level of bifurcation of the
ulmonary artery. The mean preoperative aortic diame-

er was 50.9 � 7.0 mm (range, 39 to 70 mm). None of the
atients had Marfan syndrome or other genetic disor-
ers, as aortoplasty is contraindicated in such patients.
ortic dilatation was fusiform in all patients and local-

zed to the ascending aorta without involving the aortic
oot or arch.

Aortic valve disease was present in 60 patients (88.2%).
he valvular pathologic diagnosis was aortic stenosis in
1 patients (30.9%), aortic insufficiency in 23 patients
33.8%), and mixed lesion in 6 patients (8.8%). Ten pa-
ients (14.7%) had diseased bicuspid aortic valve. Three
atients (4.4%) had previously undergone aortic valve
eplacement with mechanical valves. No patient had
ortic root dilatation. All but 2 patients had good ventric-
lar function. 59 patients (86.8%) had left ventricular
jection fraction greater than 0.50, 7 patients (10.3%) had
eft ventricular ejection fraction between 0.40 and 0.50, 2
atients (2.9%) had left ventricular ejection fraction less

han 0.40. Cardiac catheterizations and coronary angiog-
aphies were performed in all patients 40 years or older.
here was significant coronary artery disease in 11 cases

16.1%).
All patients underwent associated surgical procedures.

ixty patients (88.2%) underwent associated aortic valve
eplacement, whereas other concomitant procedures in-
luded coronary artery bypass grafting in 11 patients
16.1%), mitral valve replacement in 3 (4.4%), and mitral
alve repair in 3 (4.4%).

urgical Technique
edian sternotomy, cardiopulmonary bypass, moderate

ypothermia (30°C), and aortic cross-clamping were used
n all patients. The aortic cannula was placed in the
roximal transverse aortic arch in all but 3 patients. A
ight femoral arterial cannula was used in patients with
revious aortic valve replacement. Cardiac arrest was
btained by an initial bolus of anterograde cold crystal-

oid cardioplegic solution (only in patients with aortic
alve stenosis), followed by a bolus of retrograde cold
rystalloid cardioplegic solution and maintained by ret-
ograde cardioplegia repeated at 20-minute intervals,
ith additional topical cooling. The aortic incision was

xtended from the noncoronary sinus following an upper
eft line along the aortic axis to the aortic arch bend just
roximal to the aortic cross-clamp.
Reduction aortoplasty consisted of direct resection of

n oval portion of the anterior aortic wall to bring the
iameter of the ascending aorta down to normal. The
xpected supraaortic ridge was computed with Roman’s
ormula [13]. Once the ideal aortic diameter was reached,
e established a tail about 3 cm of circumference per 1
m of diameter to reduce, given that the circumference is
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�r (r � radius; � � 3.14). The aortotomy was then closed
n two layers using 4-0 suture [9]. The aortoplasty was not
dditionally supported by wrapping the ascending aorta
ith a prosthetic graft.
All the associated cardiac procedures were performed

fter the incision of the aorta and before the aortoplasty.
he mean aortic cross-clamp time was 68.2 � 8.1 minutes,
nd the mean duration of cardiopulmonary bypass was
7.3 � 13.2 minutes. Table 2 summarizes the surgical
perations and operative data. Intraoperative trans-
sophageal echocardiography was performed on every
atient before and after reduction aortoplasty.

atient Follow-Up
ata were obtained by means of direct visits and tele-
hone interviews. Transthoracic echocardiography or
omputed tomographic scan of the chest was performed
reoperatively, at discharge, at 3 months, at 1 year, and
nnually thereafter. Follow-up of survivors was last col-
ected between May 15 and May 28, 2005. Cumulative
ollow-up time was 191.4 patient-years and was 100%
omplete. Median follow-up time was 2.5 years, and
ean follow-up time was 2.9 � 1.7 years (range, 0.4 to 6.3

ears).

tatistical Analysis
ontinuous variables were expressed as mean � stan-
ard deviation. Discrete variables were expressed as
umbers and proportions. Actuarial life table estimates

able 2. Operative and Perioperative Details

ariable
Number or Mean

� SD
Percentage
or Range

ortic cross-clamp time (min) 68.2 � 8.1 32–79
ardiopulmonary bypass

time (min)
77.3 � 13.2 42–94

ssociated aortic valve
replacement

60 88.2%

Biologic prosthesis 35 51.4%
Mechanical prosthesis 25 36.8%
ssociated CABG 11 16.1%
One graft 5 7.3%
Two grafts 5 7.3%
Three grafts 1 1.5%
Number of distal

anastomosis
1.6 � 0.7 1–3

ssociated mitral valve
replacement

3 4.4%

ssociated mitral valve repair 3 4.4%
ostoperative bleeding (mL) 335 � 135 119–438
ostoperative complications 1 1.5%
Acute aortic arch dissection 1 1.5%

CU stay (days) 2.07 � 0.59 1–5
ostoperative stay (days) 7.5 � 1.9 5–15
otal in-hospital stay (days) 13.7 � 4.5 5–29

ABG � coronary artery bypass grafting; ICU � intensive care
nit; SD � standard deviation.
ere constructed using the Kaplan–Meier method. Re- a
eated-measures analysis of variance was used to detect
ny significant changes in mean ascending aortic diam-
ter with time. If statistically significant, Student’s paired
test was then performed, with Bonferroni’s method
sed to correct for multiple comparisons.
Significant predictors of redilatation were investigated

y examining the association between various variables
nd redilatation in univariate analysis, followed by a
tepwise logistic regression analysis on factors demon-
trated to be significant in univariate analysis. For uni-
ariate and multivariate analysis, only patients with a
ollow-up greater than 12 months (58 patients) were
ncluded, as dilatation generally does not occur in the
rst months after surgery. A p value of less than 0.05 was
onsidered statistically significant. Statistical analyses
ere performed using SPSS 13.0 software (SPSS, Inc,
hicago, IL).

esults

ostoperative and Perioperative Mortality and
orbidity

here was one in-hospital death. The cause of death was
cute anterograde dissection of the aortic arch that oc-

ig 1. The actuarial freedom from death (solid line, *) and the actu-
rial freedom from cardiac-related death (dashed line, �).

ig 2. The actuarial freedom from redilatation (solid line, *) and the

ctuarial freedom from reoperation (dashed line, �).
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urred 5 days after surgery. The overall perioperative
30-day) mortality rate was 1.5%. No other patient expe-
ienced significant postoperative complications. The total
erioperative morbidity rate was 1.5%.

ong-Term Survival
here were 3 late deaths at the time of follow-up. Overall
urvival estimates at 3 and 6 years were 93.3% � 4.5% and
9.3% � 5.9%, respectively (Fig 1). The mean age at death
as 76.1 �70 years.
There was one cardiac-related death, with stroke as the

ause of death. The actuarial freedom from cardiac-
elated death at 3 and 6 years was 100% and 95.7% �
.3%, respectively (Fig 1). There were 2 noncardiac
eaths, attributed to lung cancer and prostate cancer. The
ctuarial freedom from noncardiac death at 3 and 6 years
as 93.3% � 4.5% and 93.3% � 4.5%, respectively.

scending Aortic Redilatation and Reoperation
scending aorta redilatation occurred in 5 patients (7.5%)
fter 21, 38, 38, 46, and 52 months. The actuarial freedom
rom redilatation at 3 and 6 years was 97.7% � 2.3% and
9.8% � 8.4%, respectively (Fig 2). The mean diameter of
he redilated aorta was 50.8 � 4.6 mm. All patients who
xperienced redilatation had a preoperative original di-
meter greater than 55 mm (56, 56, 58, 64, and 70 mm).
riginal dilatation was associated with aortic stenosis

n 2 patients, aortic insufficiency in 2, and bicuspid valve
n 1.

Three patients underwent ascending aortic replace-
ent with Dacron graft. All 3 patients survived reopera-

ion uneventfully. In the other 2 cases, it was decided not
o proceed because of the stability of the ascending aorta
ilatation and patients’ advanced age. The actuarial free-
om from reoperation at 3 and 6 years was 100% and
6.3% � 7.5%, respectively (Fig 2).

The ascending aorta diameters are summarized in
able 3. As shown, the mean diameter decreased signif-

cantly after surgery without further changes.

redictors of Redilatation
able 4 outlines variables that were evaluated for their

mpact on redilatation using univariate analysis. The only
ignificant risk factor adversely affecting redilatation was
reoperative diameter. Although not significant, the p
alue for postoperative ascending aorta diameter was
ear to significance (p � 0.074) and was included in the
ultivariate analysis.
Only preoperative diameter was a significant predictor

f redilatation using multivariate stepwise logistic re-
ression analysis (Table 5).
The preoperative ascending aortic diameter was di-

able 3. Changes in Mean Ascending Aorta Diametersa

Diameter Preoperative Postoperative 3 months

otalb 50.9 � 7.0 36.4 � 5.2c 36.2 � 4.9c 3

Values are in millimeters (mean � standard deviation). b p � 0.001
hotomized using different cut-off values (45, 50, 55, or 60
P

m) to determine which is the first to be an independent
isk factor for redilatation in a logistic regression model.

preoperative diameter greater than 55 mm was found
o be a predictor of redilatation (p � 0.304 for 45 mm; p �
.148 for 50 mm; p � 0.009 for 55 mm; p � 0.023 for 60
m). The odds ratio was 18.5 for preoperative aortic

iameter greater than 55 mm.

omment

eduction ascending aortoplasty is a procedure for the
reatment of ascending aortic aneurysm, and a viable
lternative to radical ascending aortic replacement. It is
enerally indicated in patients with a borderline dilated
orta in which a decreased aortic cross-clamping time is
dvantageous [14]. Reduction ascending aortoplasty is
ffective in decreasing the aortic diameter with short
ross-clamp times and low rates of mortality and mor-
idity [8, 9]. In our series, only 1 patient experienced a
erious perioperative complication, dissection of the aor-
ic arch, which led to death. All other patients experi-
nced an uncomplicated postoperative course. The good
erioperative outcomes of RAA contrasts with that of

otal ascending aortic replacement, which still remains a
hallenge, as reported by Robicsek and colleagues [6].
scending aortic replacement entails higher rates of
erioperative mortality and morbidity [3, 4, 15–17], but
ould reflect differing situations and patient characteris-
ics. Aortoplasty is not indicated in all patients who
equire an ascending aortic replacement, as patients with
ype A aortic dissection, Marfan syndrome, and cystic

edial necrosis are generally contraindicated. However,
eduction aortoplasty is generally performed in older
atients with high perioperative risks and with other
ssociated cardiac procedures.
The major concern about reduction aortoplasty is the

ong-term follow-up, with specific regard to survival and
ate of redilatation. We pointed out an overall survival
stimate at 6 years of 89.3% � 5.9% and a freedom from

ar 2 years 3 years 4 years 5 years

5.3c 36.7 � 9.3c 39.5 � 7.6c 37.0 � 5.6c 39.3 � 4.2c

eated-measures analysis of variance. c p � 0.05 versus preoperative.

able 4. Univariate Analysis of Variables Affecting
edilatation

ariable p Value

ge 0.756
ex 0.639
ortic disease 0.227
revious aortic valve replacement 0.759
icuspid valve 0.584
reoperative ascending aorta diameter 0.001
1 ye

6.5 �
ostoperative ascending aorta diameter 0.074
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ardiac-related death at 6 years of 95.7% � 4.3%. Only 1
atient at 6 years’ follow-up died of cardiac reasons
hose cause of death was not related to reduction aor-

oplasty, as stroke was related to aortic valve replace-
ent. These results are similar to those presented in

ther studies [8–10]. Bauer and associates [9] reported a
urvival at 5 years of 94%. They also reported freedom
rom aortoplasty-related mortalities, supporting the
laim that reduction aortoplasty procedure does not
ffect midterm and long-term survival [8, 9].
Literature review regarding the occurrence of redilata-

ion after RAA shows conflicting results, with rates vary-
ng from 0% to 25% [8–10, 18]. The absence of external
einforcement is claimed to be responsible for these
ifferences, but direct comparison among studies is dif-
cult owing to lack of homogeneous groups. Arsan and
olleagues [8] reported concomitant aortic valve replace-
ent in 35.5% of patients, without specifying the type of

alve disease, whereas 88.9% of patients underwent com-
ined aortic valve replacement in our group and 94.8% in

he report of Bauer and associates [9]. In our study, the
eading valvular disease was insufficiency (42.6%),
hereas Bauer and coworkers [9] reported 22.6% of

nsufficiency and 47.8% of stenosis. Again, Muller and
olleagues [10] reported that all redilatation occurred in
atients with Marfan syndrome whereas other authors
onsidered Marfan syndrome to be a contraindication to
AA [6, 8, 9]. We found an actuarial freedom from

edilatation at 6 years of 79.8% � 8.4%. Five patients had
edilatation of the ascending aorta (7.5%). This result is
imilar to those of Bauer and colleagues [9] and Kamada
nd associates [18].
There is a general agreement that patients with as-

ending aortic aneurysm greater than 60 mm should not
ndergo reduction aortoplasty [6]. Univariate and multi-
ariate analysis of our data confirmed that preoperative
iameter is the main factor to be considered before
erforming RAA, as it is the only independent risk factor

or redilatation. The risk of redilatation increased signif-
cantly for preoperative diameter greater than 55 mm (p

0.001), with an odds ratio of 18.5. All patients who
xhibited redilatation had a preoperative diameter
reater than 55 mm. We agree with Kamada and cowork-
rs [18] and advise that a diameter of 55 mm should be
onsidered the cut-off.

Another important factor to avoid redilatation after
AA is the postoperative ascending aortic diameter. In
ur study, it was not identified as an independent risk
actor for redilatation, even given a difference of postop-
rative diameter among patients who experienced redi-
atation and who did not approach significance (p �
.078). This could reflect a dependent correlation be-

able 5. Factors Affecting Redilatation Using Multivariate Ste

ariable OR

reoperative aortic diameter 1.29

I � confidence interval; OR � odds ratio; SE � standard error o
ween preoperative and postoperative diameters, as pa-
ients with greater preoperative diameter had greater
ostoperative diameter. Although not significant in our
tudy, the postoperative diameter still remains an impor-
ant concern, and it should be less than 35 mm to avoid
edilatation [9].

No other risk factors were identified, including aortic
alve insufficiency, which is reported to be a risk factor
or redilatation after unsupported RAA [6]. However, an
ortic prosthesis was implanted in all cases, which can
avorably influence the outcomes by stabilizing the aortic
rifice and facilitating proximal anchoring.

imitations of the Study
his study is prospective by nature, but is not random-

zed. Aortoplasty was performed in a selected subgroup
f patients with aneurysm of the ascending aorta. Infor-
ation was not collected regarding aortic wall histology,

nd was not correlated to redilation. Moreover, long-
erm follow-up is needed to evaluate whether patients
ith a preoperative diameter less than 55 mm also can

edilate, particularly with respect to this young group.

onclusions
n our group, unsupported RAA resulted in a safe and
ffective technique with low mortality, low morbidity,
nd few late complications for selected chronic aneurysm
f the ascending aorta with diameter less than 55 mm. It
an represent an alternative to the replacement of the
scending aorta in selected patients with moderate dila-
ation. A diameter greater than 55 mm is an independent
isk factor for redilatation, and it should be considered a
ontraindication to this procedure and may be consid-
red an indication to the Dacron graft support.

e are grateful to Catherine Forster for her assistance in the
reparation of this manuscript.
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