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Background. Bicuspid aortic valve is associated with
ortic aneurysm formation that may extend beyond the
scending aorta.
Methods. Between 1979 and 1997, 143 bicuspid aortic

alve patients had aortic valve operations with replace-
ent of an aneurysmal ascending aorta: 93 (65%) under-
ent full root replacement and 50 (35%) underwent

eparate valve and graft replacement. Distal aortic anas-
omosis was open in 42 patients (29%) and closed in 101
71%). Late survival and complications were compared by
urgical technique.

Results. Patients undergoing full root replacement
ended to be younger (mean age 46 � 16 vs 59 � 13, p <
.001) and presented with more aortic insufficiency (80%
s 35%, p < 0.001). Three (2.1%) hospital deaths occurred.
vent-free survival was 82% (95% confidence interval,

5% to 88%) at 10 years and 41% (95% confidence interval,
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1% to 71%) at 20 years. At a median follow-up of 11.5
ears, the incidence of new aneurysms and late aortic
omplications were not significantly different among the
rocedure groups. Age at the time of operation was the
nly predictor of late survival (hazard ratio, 1.07; p �
.007).
Conclusions. Aortic root replacement with distal aortic

econstruction can be achieved with very low operative
ortality and excellent long-term outcomes in patients
ith bicuspid aortic valve and dilated ascending aorta.
he type of surgical procedure done in the aortic root and

n the distal ascending aorta does not influence late
urvival, subsequent operation, or aortic complications.
his is likely influenced by our patient-specific strategy
hen replacing the aortic root and distal ascending aorta.

(Ann Thorac Surg 2010;89:1918–24)

© 2010 by The Society of Thoracic Surgeons
icuspid aortic valve (BAV) has been linked to a
spectrum of clinical conditions. Recognized as most

ommon congenital heart anomaly, it is present in 0.5%
o 2% of the general population [1, 2]. Despite the
eemingly simple anatomic lesion, it is estimated that
erious complications that require intervention will de-
elop in one-third of BAV patients [3]. Surgical interven-
ion is the mainstay treatment for BAV complications.
scending aortic dilatation with subsequent aortic rup-

ure and dissection poses a serious challenge [4].
Some reports have shown that the aorta continues to

xpand after valve replacement [5]. Because of this,
eoperation for aortic aneurysm as well as late aortic
issection and sudden death are significantly higher in

his group [6, 7]. Although the proximal ascending aorta
s thought to be the most commonly affected segment [8,
], recent imaging studies of the thoracic aorta using
omputed tomographic angiography (CTA) and mag-
etic resonance angiography (MRA) show more diffuse
nd distinctive patterns of aortopathy extending from the
ortic root to the proximal aortic arch [10, 11]. Whether

ccepted for publication Feb 22, 2010.

Dr Shafie S. Fazel passed away on Jan 17, 2010.
his phenomenon is due to intrinsic aortic wall abnor-
alities or just hemodynamic stress is still a matter of

ebate [12].
Over the years, surgical techniques have been devised

o treat patients with BAV disease and dilated ascending
orta [4]. This is primarily done by replacing the ascend-
ng aorta with a tube graft. Some authors advocate a

ore radical resection because of the possible potential
or late dilatation and dissection in the remaining distal
scending aorta and aortic root [13–15]. This involves
eplacing the aortic root, aortic arch, or both in conjunc-
ion with the ascending aorta.

This study reports our long-term results and experi-
nce with the different surgical techniques in patients
ith BAV disease and ascending aortic aneurysm who
ad concomitant replacement of the ascending aorta.

atients and Methods

pproval for this study was granted by our institutional
thics board, and individual patient consent was waved.

computerized database was retrospectively examined
o identify all patients with BAV who underwent aortic
alve operations with concomitant replacement of the

scending aorta at the Toronto General Hospital. Our

0003-4975/$36.00
doi:10.1016/j.athoracsur.2010.02.070
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atabase was queried from its starting date in January
979 to December 1997, allowing a minimum of 10 years
f follow-up. We identified 143 consecutive patients.
All patients were operated on by one surgeon, which

eflected consistency in the operative approach and de-
ision making. The aortic valve was documented as
icuspid by the operative note and pathology report. The
ean � standard deviation diameter of the ascending

orta measured 6.0 � 1.6 cm. This was documented by
ntraoperative echo or by direct measurement. The oper-
tive technique for the distal aortic anastomosis and the
ecision to do a full root replacement was left to the
perating surgeon.

urgical Technique
he techniques for aortic valve replacement and the
hoice for valve prosthesis were previously described [16,
7]. The thoracic aorta was accessed through a median
ternotomy. The arterial cannula was placed in the prox-
mal aortic arch. Groin cannulation was used in aortic
issection. All patients underwent cardiopulmonary by-
ass with mild-to-moderate systemic hypothermia. A
hort period moderate hypothermic (25° to 28°C) circu-
atory arrest without adjunctive cerebral protection was
erformed in 32 patients in whom the ascending aorta
as replaced up to the innominate artery trunk in an
pen distal fashion. Open distal anastomosis under deep
ypothermic (18°C) circulatory arrest with retrograde or
ntegrade cerebral perfusion was used for hemiarch in 9
atients and for total arch replacement in 1 patient.
irect infusion of intermittent cold antegrade crystalloid

eparate valve-supracoronary aorta replacement Full ro

Closed distal anastomosis, n=101 Open dist

BA

C D
“no root” intervention group, n=50 “full root” interven
ardioplegia was used until 1989, and cold blood cardio-
legia was used thereafter.
The extent of aortic resection in our practice is patient-

pecific [17]. For young patients with dilated aortic roots
�4.0 cm) who choose a mechanical prosthesis, we per-
orm a composite replacement of the aortic valve, root,
nd ascending aorta up to the innominate artery. Alter-
atively, if the patient chooses a tissue valve and the
oronary ostia are not displaced, we perform a supra-
oronary replacement of the ascending aorta with a
acron (DuPont, Wilmington, DE) tube graft. If the
oncoronary sinus is dilated or thinned, the tube graft is

ailored to create a neosinus secured to the aortic annu-
us. The aortic root is replaced with a tissue valve secured
nside a Dacron tube, homograft, pulmonary autograft, or
ortic valve-sparing, once the coronary ostia are dis-
laced. Older patients receive a separate tissue valve and
raft, provided that the root is not massively dilated.
igure 1 summarizes the different techniques.

ollow-Up
ll demographic and perioperative outcomes were re-

rieved from medical records, operative notes, and the
ardiac surgical database. Late follow-up was collected
nd documented in a separate database using mail ques-
ionnaire, direct communication with the patient or a
lose relative, and by contacting the referring physician.
ollow-up was completed between July 1, 2008, and
anuary 31, 2009. Death certificates and autopsy results
ere retrieved for patients who were thought to have
ied from cardiac causes or had sudden death. Follow-up

lacement

astomosis, n=42

Fig 1. Schematic illustration shows tech-
niques used after ascending aortic resection
in bicuspid aortic valve, consisting of (A)
closed distal anastomosis: aortic arch left
intact (n � 101); (B) open distal anastomo-
sis: aortic arch replaced (n � 42); (C) sep-
arate valve and supracoronary aorta re-
placement: aortic sinuses left intact (n �
50); and (D) full root replacement: all si-
nuses are resected and coronaries reim-
planted (n � 93).
ot rep

al an
tion group, n=93
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ime was measured from the date of the operation to the
arlier of morbid events, death, or last contact alive. In
his study, the follow-up was 99% complete with a median
f 11.5 years (range, 0 to 22 years; Q1 � 9.5, Q3 � 13.5).
he total cumulative follow-up was 1595 patient-years.

tatistical Analysis
tatistical analysis was done using SPSS 15.0 software

SPSS Inc, Chicago, IL). Categoric data were tabulated in
� n tables and two-group comparisons were made

sing the �2 test or Fisher exact test. Continuous vari-
bles are expressed as means � standard deviations. The
test was used to compare two-group continuous vari-
bles. The Mantel log-rank test determined difference in
vent-free survival. Variables deemed important by the
nivariable analysis or those clinically significant were
ntered into a multivariable Cox proportional hazards
odel. A propensity score predicting the probability for

oot replacement was created for each patient in the
eries. Independent predictors were compared before
nd after propensity adjustment. Multivariable analysis
esults were expressed as hazard ratios (HR) and p
alues. A two-tailed value of p � 0.05 was considered to

able 1. Clinical Profile of Study Population

ariablesa
Full Root
(n � 93)

No Root
(n � 50) p Value

ge, y 46 � 16 59 � 13 �0.001
ex ratio (M/F) 71:22 32:18 0.12
YHA class III/IV 31 (33) 24 (48) 0.09
eft ventricular EF � 0.40 10 (11) 6 (13) 0.71
AD for bypass 15 (16) 10 (20) 0.64
ortic valve lesion �0.001
Stenosis 19 (20) 31 (65)
Regurgitation 74 (80) 17 (35)
ortic dissection 8 (9) 1 (2) 0.16
mergency operation 19 (21) 7 (18) 0.68
ndocarditis 8 (9) 0 (0) 0.051
arfan syndrome 5 (5) 1 (2) 0.66

re-op renal failure 0 (0) 0 (0)
OPD 1 (1) 2 (4) 0.28
eripheral vascular

disease
0 (0) 1 (2) 0.35

iabetes mellitus 0 (0) 2 (4) 0.12
ypertension 19 (20) 18 (36) 0.043
obacco abuse 43 (46) 23 (46) 0.98
scending aorta

diameterb
5.8 � 1.8 cm 6.3 � 1.0 cm 0.16

Continuous data are presented as the mean � standard deviation;
ategoric variables are No. (%). b As measured intraoperatively by
irect inspection or by transesophageal echocardiography.

AD � coronary artery disease; COPD � chronic obstructive lung
isease; EF � ejection fraction; Full Root � aortic root replace-
ent; No Root � separate replacement of the aortic valve and

upracoronary aorta; NYHA � New York Heart Association.
e significant for all statistical tests.
m
s

esults

tudy Population
epending on the surgeon’s choice to preserve or replace

he aortic root, patients were categorized into two broad
roups: 93 patients had “full root” replacement and 50
atients designated the “no root” intervention group
ho had aortic valve replacement combined with supra-

oronary replacement of the ascending aorta. The demo-
raphics for the two groups are reported in Table 1.
atients who had full root replacement were significantly
ounger and were more likely to have aortic regurgita-
ion preoperatively. Except for more hypertension in the
lder no root group, comorbidities were similar.
Forty-two patients (29%) required hypothermic circu-

atory arrest to construct an open distal anastomosis.
ecause of the technical nature of aortic root replace-
ents, the mean cardiopulmonary bypass and aortic

ross clamp times were longer in this group. Table 2
ummarizes some of the operative characteristics.

arly Outcome
here were 3 (2.1%) 30-day operative deaths; two died of
ardiac related issues, and one die of sepsis at 15 days.
ospital stay was significantly longer for the full root

roup (Table 3). Although not significant, there seemed
o be a trend for higher rates of insertion of intraaortic
alloon pumps, low cardiac output syndrome, sepsis, and
eexploration for bleeding in the full root group. Impor-
ant perioperative outcomes are listed in Table 3.

ate Survival
uring the course of follow-up, there were 10 late deaths

n the full root replacement group and 23 deaths in the no
oot intervention group. The event-free survival in this
eries was 82% (95% confidence interval, 75% to 88%) at
0 years and 41% (95% confidence interval, 11% to 71%)
t 20 years. Table 4 summarizes the major adverse
ardiac events in each group. Kaplan-Meier analysis (Fig
) showed superior survival among patients who under-

able 2. Operative Data

ariablea
Full Root
(n � 93)

No Root
(n � 50) p Value

ortic valve prosthesis 0.057
Biologic valve 44 (47) 32 (64)
Mechanical valve 49 (53) 18 (36)
ssociated procedures
Mitral valve operation 7 (7) 2 (4) 0.49
Coronary artery bypass 15 (16) 10 (20) 0.64
Circulatory arrest 29 (31) 13 (26) 0.52
ortic cross-clamp time, min 96 � 31 77 � 27 �0.001
PB time, mina 126 � 48 99 � 34 0.001

Continuous data are presented as mean � standard deviation; categoric
ata as No. (%).

PB � cardiopulmonary bypass; Full Root � aortic root replace-

ent; No Root � separate replacement of the aortic valve and

upracoronary aorta.
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ent full root replacement (p � 0.001). However, propen-
ity-adjusted Cox regression identified the patient’s age
t the time of operation as the only independent predic-
or of all-cause mortality (HR, 1.07; p � 0.007; Fig 3).

ate Distal Aortic Complications
omplications associated with the distal ascending aorta
nd aortic arch occurred in 6 patients, in whom an
neurysmal distal ascending aorta was documented on
eoperation. No patient came back with aortic dissection.
t the initial operation, all had “closed” distal anastomo-

is to a normal sized aortic arch (2.95 � 0.42 cm) and a

able 3. Perioperative Results

esulta
Full Root
(n � 93)

No Root
(n� 50) p Value

ortalityb 2 (2) 1 (2) 1
yocardial infarction 2 (2) 1 (2) 1

ntraaortic balloon pump 4 (4) 1 (2) 0.66
ow cardiac output syndrome 9 (10) 2 (4) 0.33
troke 0 (0) 1 (2) 0.35
ransient ischemic attack 0 (0) 0 (0)
epsis 3 (3) 0 (0) 0.31
enal dysfunction 1 (1) 0 (0) 1
eexploration for bleeding 7 (8) 1 (2) 0.26
ssisted ventilation � 48 h 2 (2) 1 (2) 1
edian length of stay, d
Intensive care unit 1.5 1 0.39
Hospital 8 6 0.02

Continuous data are presented median and categoric data as No.
%). b 30-day operative mortality.

ull Root � aortic root replacement; No Root � separate replacement
f the aortic valve and supracoronary aorta.

able 4. Late Major Adverse Cardiac Events

vent

Full Root
(n � 93)
No. (%)

No Root
(n � 50)
No. (%)

ardiac death
Myocardial infarction 2 (2) 5 (10)
Congestive heart failure 0 (0) 4 (8)
Sudden death 1 (1) 3 (6)
Endocarditis 0 (0) 2 (4)
Structural valve deterioration 0 (0) 2 (4)
Fatal stroke 2 (2) 1 (1)

eoperation
Structural valve deterioration 5 (5) 5 (10)
Endocarditis 6 (7) 1 (2)
Pannus formation 0 (0) 1 (2)
Failed aortic valve sparing 1 (1) 0 (0)
Failed Rossa 0 (0) 1 (2)
Valve thrombosis 1 (1) 0 (0)

Autograft in the subcoronary position.
f
ull Root � aortic root replacement; No Root � separate replacement
f the aortic valve and supracoronary aorta.
issue valve separated from the ascending graft. It took
n average of 11.4 � 4.4 years for the distal ascending
orta to dilate. At 15 years, Kaplan-Meier curves (Fig 4)
llustrating freedom from aortic complications or sudden
eath show no significant difference between the open
nd closed distal anastomosis patients (97% � 3% vs
3% � 7%; p � 0.22).

ardiac Death
eath from cardiac-related conditions was more evident

n the group with no root replacement. This was mostly
ttributed to fatal myocardial infarction, congestive heart
ailure, and sudden death (Table 4). All the risk factors
ere analyzed in a propensity-adjusted Cox regression
odel that included age at the time of the operation,

issue aortic valve prosthesis, functional class, ventricular
unction, presence of coronary artery disease, hyperlip-
demia, and hypertension. Only the patient’s age pre-
icted late cardiac death (HR, 1.07; p � 0.018).

eoperation
tructural valve dysfunction was the most common indi-
ation for reoperation in the no root replacement group
Table 4). Aortic root aneurysm developed on follow-up
n 3 patients in those with structural dysfunction. In those
ith full root replacement, prosthetic valve endocarditis
as the most common indication for reoperation.
aplan-Meier freedom from reoperation showed no dif-

ig 2. Kaplan-Meier survival estimates show better survival in bi-
uspid aortic valve patients with full root (solid line) than no root
dashed line) replacement. Only age at the time of the operation pre-
icted diminished survival.
erence between the two groups (p � 0.46). Propensity-
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djusted Cox regression revealed tissue aortic valve bio-
rosthesis as the only independent predator for late
eoperations (HR, 3.54; p � 0.028).

omment

AV is inherently associated with valvular and vascular
omplications. Attention in recent years has focused on
haracterizing aortic dilatation and identifying the mark-
rs predicting aneurysm growth and risk of rupture and
issection in patients with BAV disease [18]. Davies and
olleagues [19] documented the natural history of aortic
ilatation in patients with unoperated-on BAV. For 2
ecades, 514 patients with ascending aortic aneurysm
ere prospectively monitored, of which 70 (13.4%) were
iagnosed to have BAV. Aneurysm growth rates in the
AV group were 0.19 cm/y compared with 0.13 cm/y in

hose with tricuspid aortic valves (TAV). A higher pro-
ortion of patients with BAV had operative repair of their
orta (72.8% vs 44.8%) and presented much younger than
hose with TAV (49.0 vs 64.2 years). Yasuda and cowork-
rs [5] found aortic valve replacement in BAV disease to
ave no effect on the dilatation rate at all levels of the
orta. In comparison, no significant dilatation at any level
f the aorta after aortic valve repair was observed in TAV
atients. This suggests that progressive dilatation in BAV

s more diffuse and independent of the hemodynamic
ffects of the valvular dysfunction.
Aortic dilatation typically affects the proximal aorta,

ig 3. The type of aortic root procedure, whether full root (solid
ine) or no root (dashed line), was not a significant predictor long-
erm mortality.
hereby the ascending aorta is asymmetrically affected a
20]. By using more advanced imaging modalities such as
TA or MRA, the extent of thoracic aortic involvement

an be better characterized in patients with ascending
ortic aneurysm. Fazel and colleagues [10], from Stanford
niversity, used CTA and MRA to size the thoracic aorta

t 10 different levels in a cohort of 64 consecutive patients
ith BAV. Hierarchic cluster analysis was used to iden-

ify specific patterns of aortic dilatation. Aortic root
nvolvement was found in 58% of patients in their study
nd aortic arch involvement in 73%. This led the authors
o recommend a custom-tailored approach to aortic re-
lacement in patients with BAV disease depending on
hich cluster the patient was in.
All patients in the present study underwent ascending

orta replacement because of an ascending aortic aneu-
ysm. Yet, given the propensity of the aortic root and the
roximal aortic arch to continue growing after the initial
peration, one might argue if a more extensive distal
ortic resection and a full root replacement would be of
ong-term benefit. Such approach would seem attractive
or a young patient who has evidence of aortic root
ilatation and is agreeable to a mechanical aortic pros-

hesis to limit future reoperations. This approach is
eflected in the series by Etz and colleagues [13] from the

ount Sinai Hospital in New York in which 206 BAV
atients with aortic aneurysm (median aortic diameter,
.5 cm) and a mean age of 53 years underwent full root
eplacement and an open distal anastomosis. A mechan-
cal valve-conduit was used in 61%. Hospital mortality
as 2.9%. During an 18-year interval, no patient required

ig 4. Freedom from late distal aortic complications is shown in pa-
ients undergoing closed (solid line) or open (dashed line) distal
nastomosis. Six distal aortic aneurysms were discovered on reop-
ration; initially, all 6 patients had a closed distal aortic

nastomosis.
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scending aorta reoperation, and survival was compara-
le to an age- and sex-matched population. This led the
uthors to conclude that a Bentall root replacement with
pen distal anastomosis in patients with BAV and dilated
scending aorta has no worse operative mortality than
ith aortic valve replacement and showed superior long-

erm survival and lower rate of aortic reoperations.
The demographic findings in the current study reflect

ur previously stated strategy in managing the ascending
orta in patients with BAV [17]. The younger patients
ere selected for root replacements. An open distal

echnique was used whenever the aneurysm extended
nto the aortic arch. Two-thirds the BAV patients in our
eries with dilated ascending aorta received full root
eplacement and one-third received open arch repair
ith excellent perioperative results. This demonstrates

he small influence the operative procedure exerts on the
verall operative mortality in this subset of healthy
atients.
Although BAV patients are estimated to have a nine-

old increased risk for type A aortic dissection [21], no
atient in our series or in the series from Mount Sinai
ame back with type A aortic dissection. This stresses the
mportant role of having the proximal ascending aorta
eplaced in the setting of bicuspid aortopathy. The con-
equence of keeping a pathologic ascending aorta after
ortic valve replacement in BAV patients was first ad-
ressed by Russo and colleagues [6]. In their landmark
tudy, 50 consecutive patients with BAV were matched
ith another 50 patients with TAV. Late follow-up re-

ealed 5 deaths due to acute aortic dissection and 7
udden deaths in the BAV group, with no events in the
AV group. Moreover, late echocardiography showed

he sinuses of Valsalva and the ascending aorta were
ignificantly more dilated in the BAV group. Three pa-
ients in the BAV group need reoperation for an ascend-
ng aorta of more than 6.0 cm. Our group has previously
emonstrated that an ascending aorta of 4.5 cm or greater
as associated with a higher incidence of late aortic

omplications and diminished survival at 15 years [7].
lthough the present study failed to demonstrate a

ignificant effect for extended aortic resection on subse-
uent aneurysm growth in the distal aorta, this lack of
ignificance is likely a reflection of the small sample size,
s no one in the open group developed distal aortic
neurysm. Except for aortic dissection situations, we
elieve that open arch repair should be custom tailored
ccording to the extent of aortopathy and the potential
or future aneurysm growth. Better imaging of the distal
orta and aortic arch with CTA or MRA can also be of
reat value when selecting patients for open arch repair.
Aortopathy in BAV disease has the greatest expression

n the midascending aorta [22]. This addresses the actual
erits of replacing the whole aortic root vs just replacing

he grossly dilated ascending aorta in patients with BAV
isease. Debate still exists for opting to replace an aortic
oot that is mildly dilated (4.0 to 4.5 cm) or choosing to go
ith the relatively easier and faster separate valve and
raft replacement. The largest series addressing this
ssue came from Stanford University [23]. The authors p
onducted a 30-year review (1965 to 1995) of 390 consec-
tive patients treated for aortic valve disease and ascend-

ng aortic aneurysm or type A dissection. Of these, 135
atients had root replacement with a composite graft and
55 had separate graft and valve replacement. There was
o significant difference in the operative mortality be-

ween the two groups. Survival at 15 years was better in
he aortic root replacement group, who were significantly
ounger (42 vs 56 years). Multivariate analysis revealed
ge and coronary artery disease as predictors for late
eath. Seven patients in the supracoronary graft group
equired reoperation for aortic root aneurysm but were
onfirmed to have had preexisting annuloaortic ectasia at
he initial operation. The type of root procedure in this
ubset of patients was not shown to be a predictor of any
utcome variable, including reoperation for aortic root
neurysm.
Our current series identified 3 patients who had sepa-

ate valve and graft replacement and returned with aortic
oot aneurysm at the time of reoperation. Aortic root
imensions were described as normal in all 3 at their first
peration. Another patient from the same group had
udden death at age 50. His autopsy revealed a striking
-cm aortic root aneurysm, although his aortic root was
escribed as being mildly dilated at his first operation 12
ears earlier.
In a series similar to ours, Sundt and colleagues [24]

nalyzed perioperative and late results among 45 pa-
ients with BAV and ascending aortic aneurysm, 27 with
eparate valve and graft procedures and 18 with compos-
te valve graft. The demographic findings were quite
imilar to those in this current report. Patients who had
o root intervention were older (60 years) and more likely

o present with aortic stenosis, whereas the composite
alve graft group was younger (42 years) and had valvu-
ar regurgitation. At a mean follow-up, which was 50%
ess than in our current report, survival was significantly
etter in the full root replacement group. Patient age—
ot the procedure—was the only significant predictor for

ate death. Their results are strikingly similar to our own
ndings, except they had no late reoperations in the
emaining aorta or new aneurysms in the aortic root.

Our series identified 6 patients who presented with
istal thoracic aortic aneurysms and at least 3 other
atients who required reoperations because of aortic root
neurysms. This difference is likely the result of the
onger mean follow-up in our series, because the rate of
ilatation in patients with dysfunctional BAVs varies

rom 0.04 to 0.5 mm/y in the aortic root and from 0.2 to 1.9
m/y in the ascending aorta [18].
This study reinforces our patient-specific strategy in
anaging the dilated thoracic aorta in patients with BAV

isease. The extent of aortopathy on CTA or MRA and
he diameter of the different segments of the aorta largely
ictate the need for distal aortic resection and root
eplacement. We also incorporate the patient’s age and
he choice of aortic valve prosthesis in our decision-

aking process. This allows us to custom-tailor our
urgical approach and minimizes the added risk of re-

lacing the aortic root and aortic arch. Conversely, re-
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ecting more of the aorta in patients who are young
heoretically minimizes the need for future redo opera-
ions because of new aortic aneurysms. As in the earlier
tudies, this study failed to link the operative techniques
ith late survival, redo operations, or thoracic aortic

omplications. This demonstrates the proper role of pa-
ient-specific procedure selection.

As this study sheds light on some of the controversial
spects of the surgical management of BAV aortopathy, it
as several limitations that temper the inferences drawn

rom its present findings. The retrospective nature of this
tudy imposes all the limitations inherent in retrospec-
ive data analysis. To allow for at least 10 years of
ollow-up, the sample size of this cohort is much smaller
han what it would have been if the series were extended
o more recent years. Accordingly, this limits the gener-
lization of some of its findings.
The decision to replace the aortic root or perform an

pen distal procedure, or both, was exclusively based on
he subjective assessment and experience of the operat-
ng surgeon. This inherently introduces bias when the
urgical techniques are compared. The degree of sinus
ilatation and coronary displacement in each case is not
nown. Because of the long time span of this study,
ewer surgical techniques, such as open distal anasto-
osis, stentless aortic bioprostheses, and aortic valve

paring were introduced in the more recent years. This
ould have affected some of the final results.

Aortopathy in BAV is usually asymmetric and has
ultiple patterns. Until genetic testing or other biomar-

ers are developed to identify those at greatest risk for
uture aneurysm growth and subsequent dissection and
upture, a patient-specific approach seems to be a rea-
onable option. This takes into account the extent and the
ize of aortic dilatation as well as the patient’s age and
hoice of aortic valve prosthesis.
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