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idterm Outcomes in Supravalvular Aortic
tenosis Demonstrate the Superiority of
ultisinus Aortoplasty

unjay Kaushal, MD, PhD, Carl Lewis Backer, MD, Shivani Patel, BS,
effrey G. Gossett, MD, and Constantine Mavroudis, MD
ivisions of Cardiovascular-Thoracic Surgery and Cardiology, Children’s Memorial Hospital, Northwestern University Feinberg

chool of Medicine, Chicago, Illinois, and the Cleveland Clinic Foundation, Case Western Reserve University, Cleveland, Ohio
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Background. Surgical techniques for repair of supraval-
ular aortic stenosis (SVAS) include McGoon’s one-
atch, Doty’s two-patch, and Brom’s three-patch method.
n this review we evaluated mid-term clinical outcomes
f these techniques at our institution.
Methods. Our cardiac surgery database identified pa-

ients with SVAS repair from 1990 to 2008. Follow-up
ecords, reintervention and reoperation data, and most
ecent echocardiograms were obtained.

Results. From 1990 to 2008, 20 patients (70% male)
nderwent surgery for SVAS. Mean age was 3.6 � 5.6
ears. In chronological sequence, 8 patients had single-
atch aortoplasty, 4 had the Doty procedure, and 8
eceived Brom’s symmetric three-patch aortoplasty. Of
he Brom patients, 6 had Williams syndrome. Aortic
ross-clamp times were 40.1 � 13.6 minutes (one-patch),
0.3 � 38.8 minutes (Doty), and 104 � 20.5 minutes
Brom). Perioperative mortality was 5.0% (1 patient in
ne-patch group). Mean postoperative length of stay was
0 � 10.6 days. Follow-up data were available for all

urvivors (mean follow-up, 6.3 � 6.0 years; range, 6
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onths to 16 years). There were no late deaths. Follow-up
chocardiograms revealed a peak Doppler gradient
cross the aortic outflow tract of 33 � 18.0 mm Hg
one-patch), 10 � 1 mm Hg (Doty), and 18 � 12 mm Hg
Brom). All patients in the Doty and Brom groups had
ess than moderate aortic insufficiency. Reoperations
ere required in 5 of 8 one-patch patients (62%) for

esidual aortic stenosis (n � 3), aortic insufficiency
n � 1), and subvalvar stenosis (n � 1). No Doty or Brom
atient has required aortic reoperations, which was
early statistically associated with freedom from reop-
ration (p � 0.06). Subvalvar stenosis was the only risk
actor associated with reoperation (p � 0.0028).

Conclusions. Despite a longer cross-clamp time, SVAS
epair by Doty or Brom aortoplasty restores normal
emodynamics and reduces the need for reoperation
hen compared with the classic one-patch technique.
ur current preference for SVAS repair is the Brom

hree-patch symmetric aortoplasty.
(Ann Thorac Surg 2010;89:1371–7)
© 2010 by The Society of Thoracic Surgeons
ongenital supravalvular aortic stenosis (SVAS) is a
rare obstructive lesion of the left ventricular out-

ow tract. The defining feature of SVAS is aortic narrow-
ng above the level of the sinotubular junction, which in
ome patients may be of the discrete type or in others of
he diffuse type involving the entire ascending aorta and
ranch vessels. Supravalvular aortic stenosis is strongly
ssociated with Williams syndrome, a defect involving
he elastin gene, but sporadic cases of SVAS also occur
1]. Although not primarily involved, the more proximal
art of the aortic root may have secondary pathologic
hanges that may result in aortic valve insufficiency or
oronary ischemia [1, 2]. In addition, other associated
esions may occur with SVAS that include bicuspid aortic

ccepted for publication Feb 5, 2010.

resented at the Fifty-sixth Annual Meeting of the Southern Thoracic
urgical Association, Marco Island, FL, Nov 4–7, 2009.

ddress correspondence to Dr Kaushal, Children’s Memorial Hospital,
alve, subvalvular stenosis, and central and peripheral
ulmonary artery stenosis [1, 3, 4].
The surgical repair for SVAS has evolved considerably

uring the last 20 years since the first surgical correction
escribed in 1961 [5]. Initially the one-patch aortoplasty

echnique described by McGoon and colleagues [5] ad-
ressed the stenotic aortic area with patch extension into

he noncoronary sinus of Valsalva. The surgical tech-
ique then progressed to restore a more geometric con-
guration of the aortic root with the Doty inverted
-shaped patch across the supravalvular stenosis into the
ight and noncoronary sinuses of Valsalva [6]. Another
odification of the patch augmentation technique is the

rom aortoplasty repair that incorporates three patches
nto each of the respective sinuses of Valsalva and an
dditional patch in the ascending root, attempting to
elieve the ascending supravalvular obstruction and re-
tore the entire aorta root geometry [7]. More recently,

yers and coworkers [8] described an all-autologous
hree-sinus repair by creating flaps in the distal ascend-

ng aorta that were advanced into the three correspond-
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ng sinus incisions, termed the slide aortoplasty. The
urpose of this study is to evaluate our surgical experi-
nce using the three different patch aortoplasty surgical
echniques because we have not adopted the slide aor-
oplasty technique. We evaluated the risk factors for
dverse outcomes with each of the surgical techniques,
articularly regarding aortic insufficiency, aortic stenosis,
nd the need for reoperation.

aterial and Methods

atients and Procedures
he Institutional Review Board at Children’s Memorial
ospital, Chicago, IL, approved this review as a retro-

pective study and granted a waiver of informed consent.
retrospective review of the Children’s Memorial Hos-

ital cardiothoracic surgical database identified all pa-
ients who underwent surgery for SVAS from 1990 to
008. Chart review and the database were used to deter-
ine demographics, operative details, perioperative

vents, and complications. Mid-term follow-up was ob-
ained from a combination of the cardiovascular surgery
atabase, the Children’s Memorial Hospital electronic
edical record, the cardiology charts, and the echocar-

iogram database.

urgical Technique
upravalvular aortic stenosis was repaired using one of
everal techniques. Our technique of Brom aortoplasty
as been previously described [9]. The main technical

ssue pertains to restoring the symmetry of the aorta by
aking separate incisions into each of the three sinuses

f Valsalva to allow for placement of equal augmenting
atches. After the initial antegrade cardioplegia dose, the
orta is completely transected just at the level of maximal
tenosis. A longitudinal incision is made into each sinus
o maximally augment the aortic root by carrying the
ncision into the midportion of the respective sinuses.
he first incision is into the noncoronary artery sinus.
he incision into the right coronary artery sinus is to the

eft of the coronary orifice, and a similar incision into the
eft coronary artery sinus is to the right of the coronary
rifice. Three pulmonary homograft patches are appro-
riately equally and symmetrically sized to augment
ach of the sinuses. The reconstructed aorta is then
nastomosed to the distal ascending aorta that has been
ugmented with an additional shield; a diamond-shaped
nterior patch. For the one-patch repair patients are
imilarly placed on cardiopulmonary bypass, and after
ntegrade cardioplegia, a single incision is made across
he supravalvular aortic stenosis into the noncoronary
inus. A diamond-shaped Gore-Tex (W.L. Gore & Assoc,
lagstaff, AZ) patch is inserted [5]. For the Doty repair, an

nverted Y-shaped incision is extended past the su-
raaortic stenosis into the noncoronary sinus and into the
ight coronary sinus to the left of the right coronary
stium [6]. A “pantaloon” Gore-Tex patch is then in-

erted into this region. L
tatistical Analysis
tatistical analysis was performed with a commercially
vailable statistical program using the �2 test and Stu-
ent’s t test as appropriate. Risk factors (sex, Williams
yndrome, anatomic aortic stenosis substrate, bicuspid
ortic valve, aortic valvotomy, pulmonary arterioplasty,
nd subaortic myectomy) were examined for association
ith time to reintervention using the log-rank test.
aplan-Meier curves are presented for time to reinter-
ention by type of repair (one-patch or Brom) and by
hether or not the patient had subaortic myectomy. We

ould not perform the analysis with the Doty group
ecause of the small number of patients (n � 4). Signif-

cance was set as a probability value of less than 0.05.
nalyses were conducted using SAS 9.1 (SAS Institute,
ary, NC), and graphs were prepared using Microsoft
xcel (Microsoft Corp, Redmond, WA).

esults

atient Characteristics and Intraoperative Factors
total of 20 patients underwent repair for SVAS at our

nstitution from 1990 to 2008. The mean age of the
atients was 3.6 � 5.6 years; 70% were male and 30%
ere female. The mean weight was 15 � 16 kg. Eight
atients had repair using a one-patch aortoplasty

McGoon technique), 4 had repair with the two-patch
ortoplasty (Doty technique), and 8 patients underwent
epair using Brom’s symmetric three-patch aortoplasty
Table 1). One patient who underwent the one-patch
echnique had fusion of the left coronary ostium to the
upravalvular aortic ring, which occluded the left coro-
ary ostium, and subsequently had a single patch placed

nto the left sinus of Valsalva to relieve the coronary
bstruction. Three patients who were repaired with the
ne-patch method had previous surgical procedures,

ncluding an interrupted aortic arch repair, aortic valvot-
my, and coarctation of the aorta. Ten patients had
illiams syndrome of whom 6 had a Brom repair. In

ddition to the SVAS surgical repair, concomitant surgi-
al procedures were 7 pulmonary arterioplasties, 3 sub-
ortic myectomies, and 1 aortic valvotomy. The means for

able 1. Intraoperative Data

ariable
Total

(n � 20)
1-Patch
(n � 8)

Doty
(n � 4)

Brom
(n � 8)

ortic valvotomy 2 2 (25%) 0 0
ubaortic myectomy 3 3 (38%) 0 0
ulmonary
arterioplasty

7 1 (12.5%) 2 (50%) 4 (50%)

ean XC time (min) 69.7 � 36 40 � 14 60 � 39 104 � 21
OS (median) 8 6 10 8
natomic substrate–
discrete

12 4 (25%) 2 (50%) 6 (50%)

illiams syndrome 10 2 (25%) 2 (50%) 6 (75%)
edian age (y) 1.4 1.1 1.0 1.9
OS � length of stay; XC � cross-clamp.
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ortic cross-clamp times were as follows: the entire
roup, 69.7 � 36 minutes; McGoon’s one-patch, 40.1 �
3.6 minutes; Doty’s two-patch, 60.3 � 38.8 minutes; and
rom’s three-patch, 104 � 20.5 minutes.

arly Results
here was 1 early death resulting in an early mortality
ate of 5%. This occurred in a patient who underwent a
ne-patch repair, and there were no deaths in the other
wo groups. The single death occurred in a high-risk
nfant (10 months) with supravalvular narrowing of both
he aorta and pulmonary artery with small branch pul-

onary arteries and suprasystemic right ventricular
ressure. After successful single-patch insertion into the
inus of Valsalva of the aorta and patch augmentation of
he main, right, and left pulmonary arteries, the patient
as unable to separate from cardiopulmonary bypass
ecause of suprasystemic right ventricle pressures and
ied in the operating room. For the remaining patients,

here were no major complications or mediastinitis in the
ostoperative period. The mean length of stay was 10 �
0.6 days for the entire group, 10 � 5.8 days for the
ne-patch repair, 13 � 7 days for the Doty repair, and
0 � 6 days for the Brom repair (Table 1).

The peak aortic systolic gradient seen on echocardio-
ram at hospital discharge was 24 � 13 mm Hg. This was
ignificantly reduced from the preoperative peak gradi-
nt of 82 � 17 mm Hg (Fig 1). The peak gradient at
ospital discharge was 31 � 12 mm Hg after one-patch
epair, 17 � 9.7 mm Hg after Doty operation, and 22 �15

m Hg after Brom operation. Three patients had early
bstruction as defined by a peak gradient equal to or
reater than 40 mm Hg: 2 patients repaired by the
ne-patch technique and 1 patient repaired by the Brom
echnique. Both of the patients who were repaired with
he one-patch technique had a bicuspid aortic valve with
alvular obstruction despite a concomitant aortic valvot-
my repair. The patient repaired by the Brom technique
lso had Williams syndrome with extensive multilevel
bstruction of the right and left outflow tracts that re-
uired extensive relief with a Brom aortoplasty, subaortic
yectomy, right and left pulmonary arterioplasty, main

ulmonary arterioplasty, and right ventricular subvalvu-
ar outflow tract resection with Gore-Tex patch augmen-
ation. The early obstruction in the left ventricular out-
ow tract of this patient was at the subaortic level with a
eak gradient of 40 mm Hg, which preoperatively was a
eak gradient of 100 mm Hg. At hospital discharge, all 8
atients who had a Brom repair had no more than a mild
ortic regurgitation.

ate Outcomes
ollow-up data were obtained from the cardiovascular
urgery database, cardiology charts, hospital electronic
edical record, and the echocardiogram database. Fol-

ow-up data were obtained in all 19 patients who sur-
ived to discharge. Mean duration of follow-up was 6.3 �
.0 years (range, 6 months to 16.2 years), and for each of
he respective surgical groups, follow-up was 10 � 6.9
ears for the single-patch repaired group, 4.0 � 6 years
or the Doty repaired group, and 3.8 � 3.2 years for the
rom repaired group. There was no late mortality. Of the
patients in the single-patch group, 5 had reoperations,
hich included 4 aortic root operations (2 Ross proce-
ures, 1 aortic homograft, and 1 modified Konno), and 1
ubaortic membrane resection at a mean time to reinter-
ention of 3.1 � 1.4 years. The peak gradient increased to
7 � 73 mm Hg for these patients requiring a reopera-
ion, but subsequently returned to 33 � 18 mm Hg after
he reoperation (Fig 1).

At last follow-up, the mean peak gradient for the entire
roup was 22 � 6 mm Hg, and for each of the repaired
roups, the mean peak gradient was 33 � 18 mm Hg
one-patch), 10 � 1 mm Hg (Doty), and 18 � 12 mm Hg
Brom). Four patients had late residual gradients equal to
r greater than 40 mm Hg, which included 3 patients in
he one-patch repaired group and 1 patient in the Brom
epaired group. This 1 patient in the Brom repaired
roup was the same patient we previously described
equiring extensive bilateral outflow tract reconstruc-
ions and who continued to have obstruction at the aortic
ubvalvular level. Postoperatively this patient had a peak
radient of 40 mm Hg and rose to 47 mm Hg at 1-year
ollow-up, all at the aortic subvalvular level. Univariate
nalysis indicated that concomitant subaortic myectomy
urgery was the only associated risk factor with a recur-
ent gradient requiring a reoperation (p � 0.028, log-rank
est). None of the other factors examined, including

Fig 1. Peak pressure gradients according to
the type of repair and related to time, which
includes the preoperative (preop), immediately
after surgery, and at last follow-up periods.
Mean follow-up for the entire patient group
was 6.3 � 6.0 years, and for each of the re-
spective surgical groups follow-up was 10 �
6.9 years for the single-patch repaired group,
4.0 � 6 years for the Doty repaired group,
and 3.8 � 3.2 years for the Brom repaired
group.
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illiams syndrome, sex, concomitant valvotomy, diffuse
r discrete aortic type, and concomitant pulmonary plasty
ere associated with reoperations (p � 0.15; Table 2, Fig 2).
he Kaplan-Meier curve estimated the median time to
eintervention for those with subaortic myectomy was 2.8
ears (95% confidence interval, 1.3 to 4.3). Patients with-
ut subaortic membrane resection had a median time to
eintervention of more than 7.0 years. There was a trend
oward an increased need for reoperation in the patients
ho were in the one-patch group as compared with the
atients in the Brom group (p � 0.06; Fig 3). We were
nable to perform the analysis with the Doty technique
ecause of inadequate patient numbers (n � 4). The
aplan-Meier curve estimated the median time to rein-

ervention for the patients in the one-patch repaired
roup was 5.7 years (95% confidence interval, 2.8 to 9.1).
atients who had the Brom repair had a median time to
eintervention that was not estimated owing to no rein-
erventions seen in this group. At last follow-up, aortic
egurgitation was graded as trivial in 4 patients (2 in
ne-patch and 2 in Brom), mild in 10 patients (3 in
ne-patch, 2 in Doty, and 5 in Brom), and moderate in 5
atients (4 one-patch and 1 Brom; Fig 4). All but 1 of the

able 2. Risk Factors for Late Reintervention

isk Factors p Value

oncomitant myectomy 0.028
epair type 0.067
illiams syndrome 0.15

icuspid valve 0.41
oncomitant valvotomy 0.41
iscrete versus diffuse AS 0.44
oncomitant PA plasty 0.48
ex 0.67

S � aortic stenosis; PA � pulmonary artery.

ig 2. Time to reintervention—Associated subaortic stenosis myec-
omy. Kaplan-Meier estimates of freedom from reintervention after
upravalvular aortic stenosis repair based on concomitant subvalvu-
ar myectomy. The median time to reintervention with concomitant
ubvalvular myectomy was 2.8 years, and without this concomitant
urgery the median time to reintervention was greater than 7.0

ears. r
atients with the Brom repair had less than moderate
ortic regurgitation.

omment

any different surgical techniques have evolved during
he last 40 years for the correction of SVAS. Because of
igher residual aortic peak gradients and reoperations of

he one-patch repaired patients, we adopted the Brom
ortoplasty technique to correct SVAS in 1997. We be-
ieve that the Brom aortoplasty is a complete, encompass-
ng technique to restore the geometry of the aortic root,
ven more than the Doty repair. We have now adopted
his technique for all our patients regardless of associated
esions in the left ventricular outflow tract. The advan-
ages of this technique include complete augmentation of
he supravalvular narrowing, restoring the physical and
ymmetrical geometry of the aortic root, and preventing
rowth limitations by patch augmentation of all the
inuses of Valsalva. In our series at follow-up, the pa-
ients who had the Brom repair had less aortic regurgi-
ation, aortic stenosis, and reoperations.

The initial description of SVAS pertained to the nar-

ig 3. Time to reintervention by operation type. Kaplan-Meier curve
ndicating freedom from reintervention based on type of surgical re-
air between one-patch and Brom repair.

ig 4. Results—Aortic insufficiency. Incidence and severity of aortic

egurgitation at last follow-up based on type of repair.
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owing of the supravalvular aorta as a result of hyperpla-
ia and thickening of the media immediately above the
inuses of Valsalva, creating the typical hourglass ap-
earance (Fig 5). Despite this simple and discretely
arrowed ring of aorta, many secondary effects may
ccur more proximally in the ascending aorta or may

nvolve the ascending aorta [10]. The sinuses of Valsalva
ay become thinned and hypoplastic. The components

f the aortic root may change owing to the stenotic ring
hat may alter the relationship of the commissures and,
ubsequently, the free edge of the aortic valve leaflets.
n extreme instances, fusion of the edges of the aortic
all leaflet to the supravalvular ridge may compromise

he coronary artery ostium and thus coronary artery
ow [1]. In addition, as a result of the high proximal
ressures from the supravalvular ridge, the coronary
rteries may be injured in extreme conditions and
yocardial infarction may occur. Also, associated le-

ions may be present, including bicuspid aortic valve,
ubvalvular stenosis, coarctation of the aorta, and
ulmonary artery stenosis [1].
The sinotubular junction plays a critical role in creating

flexible aorta that dynamically changes with systole and
iastole. This critical component of the left ventricular
utflow tract is altered in the SVAS aorta because of a
igid narrowing ring near the sinotubular junction. This
onstriction subsequently alters the elastic properties of
he aorta and thus may restrict the flattening and

ig 5. A preoperative catheterization of a supravalvular aortic steno-
is patient that highlights the supravalvular stenosis. The peak echo-
ardiogram gradient was 70 mm Hg and a cardiac catheterization
radient was 50 mm Hg. No pulmonary artery stenosis was present.
traightening of the aortic valve leaflets occurring in d
ystole [11]. In this way, the aortic valve leaflets may
egenerate with time and may be accelerated in situa-

ions in which a bicuspid valve is present. A recent study
y Metton and colleagues [12] reported that despite the
urgical technique used in the SVAS repair, bicuspid
ortic valve was a risk factor associated with late residual
bstruction, which further supports this dynamic inter-
ction of the left ventricular outflow tract in the SVAS
atients. However, our series did not show that the
icuspid valve was a risk factor for reintervention. Inter-
stingly, subvalvular stenosis, another associated lesion
ith SVAS, was a risk factor for reintervention in our

eries. The subvalvular region is also a major contributor
o the efficiency of the left ventricular outflow tract and is

ost likely affected by a rigid supravalvular ring.
The primary goal of the surgical repair of SVAS is to

elieve the left ventricular obstruction created by the
upravalvular ring. The initial surgical techniques re-
ieved only the SVAS narrowing by manual dilation of
he ring [13], resecting the ring with direct reanastomosis
f the aorta [14, 15], and in extreme situations, apical-
ortic conduits [16]. The surgical repair then progressed
ith a focus on restoring the geometry of the aortic root

hrough various iterations of patch aortoplasty. Both the
ne-patch repair and Doty repair have been shown to
ave good early results but have limited long-term re-
ults owing to increasing aortic stenosis and regurgita-
ion [17–19]. There are few mid-term studies with the
rom reconstruction and even fewer comparing all three
VAS operative types. One report by Hazekamp and
olleagues [19] reported no significant differences with
he aortic gradient or aortic regurgitation among all three
roups. Another study reported by Stamm and col-

eagues [20] had no difference in survival rate and free-
om from reoperations among all three surgically re-
aired groups. Only a recent report by Metton and
olleagues [12] demonstrated that patients who were
epaired with the Brom technique had statistically signif-
cant lower aortic gradients and regurgitation in compar-
son to the other two types of repaired groups. The recent
eview by Scott and associates [21] showed no advantage
o all-autologous slide aortoplasty. Although our results
id not reach statistical significance, there was a trend

ndicating that the Brom repaired group had improved
urgical outcomes. Our surgical series are similar to
hose reported by others that involved the three-sinus
ortoplasty technique either by Brom aortoplasty or
liding aortoplasty (Table 3).

In our series, the majority of the patients had Williams
yndrome, which is an underlying elastin arteriopathy
nvolving the aorta and pulmonary arteries [1]. The
lastin disorder results from a microdeletion of the elas-
in gene on chromosome 7q11.23. Because of the reduc-
ion in elastin production, shear stress in the aorta may
esult in smooth muscle hypertrophy and increased col-
agen deposition, causing medial thickening. Further-

ore, intimal thickening may occur as a result of fibrous
rowth. The elastin arteriopathy may range from the
iscrete type narrowing the supravalvular area to the

iffuse type that extends the narrowing throughout
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he aortic arch and branch vessels [1]. In addition, the
lastin arteriopathy may also involve other large arteries,
uch as the pulmonary arteries either at the central or
ranching level. The natural history of the pulmonary
rterial stenosis may decrease spontaneously with time,
hich makes surgical indications limited in these pa-

ients. A recent report also indicates that the systemic
rterial lesions may also regress and that only patients
ith the most severe and symptomatic lesions should
ave an operation [18].
Our study has several limitations. The study popula-

ion is limited because of the rarity of the lesion, and the
ubgroups are therefore further limited in size, which
akes statistical analysis difficult. The progressive evo-

ution of the surgical procedure resulted in different
imings for each of the surgical repairs, thus limiting
ollow-up duration for each of the surgical types. The

ean follow-up was 6.3 � 6.0 years, and the mean time to
eintervention was 3.1 � 1.4 years. Even though we do
ot have more follow-up time in the Brom repaired
atients (mean, 3.8 � 3.2 years) and thus may have now
een the potential failure in this group, this may be
itigated by the fact that most of the reinterventions

ccurred in the first 3 years postoperatively, which has
lso been reported by others [12]. Although the current
esults appear promising, it will be important to continue
xamining the endurance of the Brom repair for a longer
uration.
Our current study demonstrates a low operative mor-

ality and complication rate for repair of SVAS, regard-
ess of surgical technique. Of the examined associated
esions in the left ventricular outflow tract, subvalvular
tenosis was an associated risk factor for reoperation and
hould be aggressively addressed during the initial sur-
ical repair. Mid-term follow-up demonstrates that the
rom aortoplasty is associated with a low reoperation
ate and incidence of aortic regurgitation, and makes this
peration our procedure of choice for SVAS in all
atients.

able 3. Results of Three-Sinus Incision Technique

uthor Year
Number of

Patients Median Age (y)

yers [8] 1993 2 Brom
4 Myers

3.8

azekamp [19] 1999 13 Brom 15.8
tamm [20] 1999 4 Myers

2 Brom
7.4

cElhinney [17] 2000 7 Myers 4.0
etton [12] 2009 23 Brom 5.5

cott [21] 2009 10 Myers 4.7
urrent study 2009 8 Brom 1.8
otal 74
e would like to thank our statistician, Christine Sullivan, MS.
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ISCUSSION
R JOHN H. CALHOON (San Antonio, TX): Congratulations,
r Kaushal and your colleagues, on a very nicely presented

eries of supravalvular AS (aortic stenosis) patients treated with
hree different techniques. Thanks to the Society for the oppor-
unity to discuss it. Thank you also for forwarding me your slides
s well as your manuscript in advance.
This study was not randomized and, in my mind, really

llustrates the evolution of your own surgical approach over the
ast nearly 20 years. There are a few things I would like to maybe
nderstand more. One is there is still a not insignificant gradient

n a number of your patients when you get through, whether it
s the Brom or the others. Have you learned over time, and it
asn’t really illustrated in your manuscript or during your talk,
hat you can do to decrease that gradient further? Second, you

ontinue to see what I would call not insignificant aortic insuf-
ciency, and have you learned, similarly, anything that would
iminish that in your orientation or construct of your patches?
inally, you demonstrated nicely your technique; the illustra-
ions were great. You chose to use homograft patches. In those
atients that you reoperated on, have you thought of a different
aterial? In my own mind, sometimes the homograft patches
hen you have to go back in can be very brittle and bad, at other

imes they are fine. Are you happy with that tissue or are you
hinking of using a different tissue or have you thought of it, and,
f so, what is it?

I enjoyed your paper very much and thanks for the opportu-
ity to discuss it.

R KAUSHAL: Thank you very much for your comments. To
egin with, I will answer the first and second questions because

hey are related. If you make your incision into the noncoronary
inus and extend it too far into the sinus, this will create unequal
ugmentation of the sinuses. I think that this plays a critical role
n restoring the geometry of the aortic root. In addition, when
ou insert your shield-shaped homograft and they are not
ymmetrical, a little bit bigger than what you expect, then you
an potentially change the geometry of the sinuses.

We determined the etiology of the aortic valve stenosis or
egurgitation in follow-up, in particular, looking at other asso-
iated lesions and how they are related. In our series, subaortic
tenosis was associated with reoperations. In other published
eries, bicuspid valve was associated with critical restenosis.
hus, other associated LVOT (left ventricular outflow tract)

esions with supravalvar aortic stenosis are underappreciated
nd may cause complications in the future.
Concerning your last question, we have been successful with

ulmonary homograft and have had good long-term outcomes
R GEORGE DAICOFF (St. Petersburg, FL): Consistent with
he idea of innovators, I would like to just indicate that Dr Brom
as a professor at Leiden University, The Netherlands, and I
ent to visit him when I was on sabbatical from Chicago, and,
nfortunately, he wasn’t doing any of these operations, but he
as doing a coarctation of the aorta, and he had such a great

lamp that held his clamps that I bought one. But, anyway, he
as one of the innovators from the Netherlands that you never
ear about.

R KAUSHAL: I was looking back at the original Brom’s
rterioplasty technique, which was only described in a surgical
hapter. He never published any series about his technique.

R KIRK R. KANTER (Atlanta, GA): Of the five reoperations in
our series, four of them had aortic valve replacements. With
his in mind, was the reoperation recurrence really for supra-
alvar stenosis, which you implied? Or was it actually for
atients with multilevel left ventricular outflow tract obstruction

n whom you had successfully dealt with the supravalvar aortic
tenosis? I am unsure if you really demonstrated an inferiority of
he one-patch technique with your patients.

You did not mention anything about coronary arteries. These
atients, as you well know, have coronary artery anomalies.
arly on in our experience, we had terrible problems with
ardiac arrest with induction of anesthesia or cardiac arrest in
he cath lab because of the coronary artery anomalies. None of
our patients had opening of the coronary arteries as concomi-
ant procedures. Also, I found particularly in the younger
atients that you have to deal with the entire ascending aorta up

o the base of the innominate artery and not just to the
upravalvar area.

R KAUSHAL: Due to the low number of patients in each
urgical group, we could not perform propensity matching to
etermine the best surgical technique. But what I can comment
bout is that of the patients that required reoperations, the
upravalvar region had no stenosis but other areas of the LVOT
ere problematic. Three out of the four patients who required

ortic root surgery had bicuspid valves.
As to your question about the coronary ischemia, we had

ne patient who had a left coronary ostial ridge but didn’t
ave ischemia. In this patient, we resected the ridge and
atched the sinus. We have had no patients who have had

oronary ischemia.
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