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Background. The purpose of this study is to evaluate
he efficacy of aortic valve-sparing repair with glutaral-
ehyde-treated autologous pericardium in congenital
alvular pathology.
Methods. Sixty-two patients underwent reparative aor-

ic valve surgery from January 1997 through December
003. The mean age was 25 � 20 years (� standard
eviation) (range, 10 days to 81 years). Fifty percent (31 of
2) were less than 19 years old at operation. The diag-
oses included bicuspid aortic valve (39 patients), ven-

ricular septal defect (14 patients), severe aortic stenosis
6 patients), subaortic stenosis (7 patients), bacterial en-
ocarditis (7 patients), neonatal truncus arteriosus (2
atients), Shone’s complex (2 patients), transposition
omplex (1 patient), double-chambered right ventricle (1
atient), and Marfan’s syndrome (1 patient). Twelve
atients (19 %) had prior sternotomy and cardiac opera-
ions. Valve-sparing techniques included pericardial
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eaflet extensions in 62 patients, creation of one or more
ericardial neoaortic sinuses in 8, subcommissuroplasty

n 8, pericardial patch of perforated leaflets in 9, Dacron
esh wrap (Boston Scientific, Wayne, NJ) of dilated

scending aorta in 12, and concomitant tricuspid and
itral valve repairs in 3 and 4 patients, respectively.
Results. There was one early death (1.6%). There were

o late deaths at a mean follow-up of 25 � 16 (range, 0.1
o 72.5 months). Six patients required reoperation and
rosthetic or homograft replacement for aortic valve

ncompetence. One out of 6 reoperations required re-
epair. The remaining patients are well with a mean
ortic regurgitation grade by echocardiography of 1.3 �
.9 (scale, 0 to 4).
Conclusions. Aortic valve repair with pericardial leaflet

xtension is a promising technique for the growing child.
(Ann Thorac Surg 2005;80:647–54)
© 2005 by The Society of Thoracic Surgeons
ative aortic valve repair in children and adults with
congenital valvular pathology is undergoing resur-

ence as the growing number of mechanical and biolog-
cal substitutes reflects no consensus over an optimal
herapeutic solution [1–13]. Furthermore, enthusiasm for
he Ross pulmonary autograft operation is undergoing
econsideration by some centers as longer follow-up
nveil potential double semilunar valve disease; neoaor-

ic insufficiency, future right ventricular outflow tract
omograft reintervention, and risks of aortic root reop-
ration [14–16].
Promising early and mid-term results using glutaral-

ehyde-treated autologous pericardium for leaflet or
usp extension are emerging [2, 3, 9, 10, 17–22]. This
eport reviews our initial experience with glutaralde-
yde-preserved autologous pericardial leaflet extension

or repairing congenital aortic valve pathology. We also

ccepted for publication March 4, 2005.

resented at the Fortieth Annual Meeting of The Society of Thoracic
urgeons, San Antonio, TX, Jan 26–28, 2004.

ddress reprint requests to Dr Odim, Division of Cardiothoracic Surgery,
eview the outcome of restoring the natural tricuspid
onfiguration of the failing congenitally bicuspid valve.

atients and Methods

his study reviewed hospital medical records, operative
otes, echocardiograms and cardiac catheterization data,
nd outpatient records in all patients undergoing aortic
alve repair with pericardial leaflet extension as a central
eature. From January 1997 through December 2003, 62
atients underwent aortic valve repair and root remod-
ling with free-hand autologous pericardium. Twenty
our percent (15 of 62) of these patients were females. The

ean age for the group was 25.5 years (range, 10 days to
1 years). Fifty percent (31 of 62) of these patients were 18
ears of age or younger. Ninety-four percent (58 of 62) of
hese patients had a diagnosis of congenital heart disease
ncluding 31 (50%) with a bicuspid aortic valve. There
as no rheumatic heart disease in this cohort. Seven
atients (11%) presented with a history of infectious
ndocarditis, and a single patient had Marfan’s syn-
rome. Twelve patients (19%) had a prior sternotomy for
previous cardiac operation. Four patients (6%) under-

ent previous thoracotomy for coarctation repair. Six

0003-4975/05/$30.00
doi:10.1016/j.athoracsur.2005.03.060
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atients had remote or prior balloon aortic valvuloplasty
efore undergoing surgical repair. See Table 1 for other
revious cardiac procedures undergone by the patients.
uring the study time frame other valve substitutes were
sed for aortic valve replacement at our institution. The
ecision and choice of reparative technique with autolo-
ous pericardium was confined to the practice of one
urgeon in our group after an informed consent process
ith the patient or the family, or both, who ultimately
ecided in favor of aortic valve repair. Very few patients
� 19 years of age) underwent primary prosthetic aortic
alve replacement in this practice during the study
eriod.
The operation was performed with single aortic and

icaval hypothermic cardiopulmonary bypass. The left
entricle was decompressed by venting through the
ight superior pulmonary vein. Myocardial protection
as accomplished with antegrade cold blood cardio-
legia (initially through the root and then by direct
oronary artery infusion) and retrograde cold blood
ardioplegia. After standard median sternotomy the
ericardium was exposed and cleaned of fibroareolar

issue and adhesions using sharp and blunt dissection.
sufficient amount of pericardium was harvested from

nder the sternum. The portion used for aortic valvu-
oplasty was further stripped of fibroareolar tissue
sing saline-soaked gauze and was placed in a pH-
alanced glutaraldehyde solution for 9 minutes. The
lutaraldehyde solution for clinical use is locally pre-
ared by the University of California, Los Angeles
edical Center pharmaceutical technology laboratory

nder aseptic conditions by ultrafiltration and is tested
or sterility by culturing before use. The preparation
onstitutes a sterile glutaraldehyde 0.625% with a
hosphate buffer (pH 7.4) and fluorescein 0.02% for-
ulation. After this tanning process the pericardium
as rinsed in three sterile normal saline baths for 2
inutes each prior to creation of the leaflets. The

able 1. Previous Surgical Procedures

rocedure Number of Patients

entricular septal defect closure 5
esection subaortic stenosis 4
odified Konno 1
pen aortic valvotomy 1
ercutaneous balloon aortic valvuloplasty 6
ortic coarctation repair 6
pen pulmonary valvotomy 1
oss procedure 1
ouble chamber RV repair 1
runcus arteriosus repair 1
DA ligation 2
ulmonary valve replacement 1
trial septal defect closure 1
idirectional Glenn shunt 1

V � right ventricle; PDA � patent ductus arteriosus
ericardial patches were shaped in appropriate fashion
o that the width of each of these patches was 15%
reater than the diameter of the aorta. The 15% addi-
ional length accounts for a reduction in the pericardial
eaflet free edge width from a purse stringing effect
ith a running polypropylene suture. The height of the
ericardial leaflet was measured to bring the exten-
ions just below the sinotubular junction where all
xtended cusps may naturally coapt in the center of the
orta.
A number of standard reparative techniques were

sed in this series featuring autologous pericardial
eaflet extensions as the hallmark (see Table 2). The
eaflet extensions were sutured to the free edges of the
esidual native leaflets with a running suture of
olypropylene. Native leaflets exhibiting excessive fi-
rosis, thickening, and restriction were trimmed and

hinned out to healthy tissue prior to extension with
utologous pericardium. The extensions were also at-
ached to the aortic wall creating neocommissures just
elow the sinotubular junction. Apposition in the cen-

er and adequate coaption surface was assessed and
mperfections were corrected. The leaflets were an-
hored by full-thickness suture bites passing through
he aorta wall and tied on the outside over a pericardial
uttress (Fig 1). As our experience matured, every
ttempt was made to convert the congenitally bicuspid
alve to a natural trileaflet configuration using autolo-
ous pericardial leaflet extensions (Figs 1, 2).
Prior to closing, the aortic root leaflet coaptation was

valuated for adequate surface of central leaflet coap-
ion. Excessive pericardial extensions could be
rimmed appropriately at this juncture. The root was
losed with a running polypropylene suture over a
trip of pericardium. In dilated roots, a tailoring aor-
oplasty may be achieved by excising a portion of the
ortic wall prior to closure and circumferentially wrap-
ing the ascending aorta for further reduction and
upport to reduce wall tension (Fig 1). Conversely, in
ypoplastic roots and ascending aortic segments it is

mportant to augment the ascending aorta with peri-
ardium prior to closure to avoid residual gradients.
fter aortic root closure, the pressure generated dur-

ng final infusion of warm blood antegrade cardiople-
ia at physiologic calculated coronary flow rates pro-
ided a reasonable estimate of valve competency prior
o removal of the aortic cross clamp. Finally after
eparation from cardiopulmonary bypass, intraopera-
ive transesophageal echocardiography was used to
ssess aortic root anatomy and function.

able 2. Aortic Valve and Root Repair Techniques

ortoplasty with Dacron mesh wrap 19% (12/62)
ubcommissuroplasty 13% (8/62)
rileaflet restoration 55% (34/62)
ericardial patch leaflet 15% (9/62)
ericardial neo-aortic sinus 13% (8/62)
ericardial leaflet extension 100% (62/62)
Combined procedures included tricuspid valve repairs in
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% (5 of 62), mitral valve repairs in 11% (7 of 62), pulmonary
alve replacement in 1, and coronary revascularization in 2
lder patients (Table 3). The other non-aortic valvular
epairs were annuloplasties performed with a strip of glut-
raldehyde-treated pericardium.

ollow-Up
ollow-up was conducted over the last 6 months and was
00% complete. The follow-up echocardiographic data
nd medical conditions were obtained from records of
he referring cardiologists. The mean follow-up period
as 25 � 16.9 months postoperatively (range, 0.1 to 72.5
ostoperative months). Patients were not anti-coagulated

or aortic valve repair but were placed on antiplatelet
gents.
The primary end points of this retrospective study
ere early and late mortality, freedom from reoperation

nd late valve function. The study was approved by the
nstitutional Review Board at the University of California,
os Angeles Medical Center.

esults

o patient left the operating room with an aortic regur-

itation (AR) grade of 2 or greater. Forty-five patients n
70%) and 18 patients (28%) had a grade of zero or 1,
espectively. Two patients required reinstitution of car-
iopulmonary bypass for an unsatisfactory repair. In one

nstance, a 2½-year-old boy with critical bicuspid aortic
tenosis underwent reversion to a trileaflet valve with
ericardial leaflet extensions. He had an unacceptable
esidual gradient and required additional pericardial
ugmentation to enlarge the aorta from the level of the
nnulus to the mid-ascending aorta to reduce leaflet
rowding at the sinotubular junction. In another patient
yocardial ischemia was reversed by trimming an exces-

ive pericardial leaflet extension.
There was 1 early mortality and no late mortalities. The
ortal event occurred in a 2½-year-old boy with critical

ortic stenosis and a bicuspid aortic valve. The peak and
ean preoperative gradients on echocardiography were

9 and 36 mm Hg, respectively, with left ventricular
ypertrophy and a left ventricular ejection fraction of
4%. At the time of operation there was fusion of the left
nd right cusps. The noncoronary cusp was large and
liable. The thickening of the free edges of both con-

oined and noncoronary leaflet were resected and
hinned. The rudimentary median raphe was incised out
o the annulus creating a trileaflet valve. The noncoro-

Fig 1. Conversion of bicuspid aortic valve
to tricuspid configuration and cusp aug-
mentation with autologous pericardial
leaflet extensions. The median raphe of
the conjoined cusp is incised from the free
edge up to the annulus. The fibrotic, stiff,
and rolled-up free edges are thinned back
to pliable tissue. Glutaraldehyde-treated
autologous pericardial extensions are
sewn to the native free-edges with a run-
ning polypropylene suture up to the aortic
wall. The suture line is continued up the
aortic wall (full thickness) to just below
the sinotubular junction. The pericardial
leaflet extensions are secured to one an-
other over a pericardial pledget on the
outside of the aorta. This creates neo-com-
missures just below the sinotubular junc-
tion (bold arrows at top) and a taller
interleaflet triangle creating optimal zone
of coaptation. The hinge point of the
valve (arrows below) remains in the pli-
able native cusp remnant ensuring flexi-
bility and valve function in the event of
leaflet extension fibrosis or calcification.
Dilated and aneurysmal sinuses of val-
salva are excluded from the remodeled
aortic root with glutaraldehyde-treated
pericardial lining. It is typical for relative
dilation of the noncoronary sinus; how-
ever with connective tissue disorders all
three sinuses may be involved and are
excluded with pericardial lining to pre-
vent further dilation, rupture, or dissec-
tion. Sinuses harboring coronary arteries
require pericardial button removal overly-
ing the ostia.
ary leaflet was suspended at a higher level with a
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orizontal mattress suture of 4-0 polypropylene with
ericardial pledgets. The left and right coronary cusps
ere extended 3 to 4 mm with glutaraldehyde-treated

utologous pericardium. To reduce potential crowding at
he sinotubular junction, another glutaraldehyde-treated
ericardial patch was used to enlarge the ascending aorta

rom the level of the annulus. The patient separated
moothly from cardiopulmonary bypass and the post
epair intraoperative transesophageal echocardiography
onfirmed a competent aortic valve. The patient was
xtubated on the day of surgery. A postoperative two-
imensional echocardiography and Doppler study dem-
nstrated a tricuspid aortic valve with minimal AR and
ild stenosis. The peak and mean aortic gradients were

8 and 15 mm Hg, respectively. On the evening of this
atient’s discharge (postoperative day 4) he aspirated
uring feeding and suffered a cardiopulmonary arrest.
e was resuscitated and placed on extracorporeal mem-
rane oxygenation. He succumbed to severe anoxic brain

njury and multiorgan failure. A postmortem examina-
ion confirmed intact reconstruction of the aortic valve,
iffuse cerebral edema, and multiorgan ischemia.

eoperations
here were six reoperations for valve-related conditions
ith a mean of 17 � 17.2 months (range, 0.1 to 42.5

ig 2. Fusion of noncoronary and right
oronary cusps to form conjoined leaflet
ith doming of the bicuspid aortic valve

upper panel). Trileaflet valve conversion
ith autologous pericardial leaflet exten-

ions with classic “Mercedes Benz” sign in
ross-section and resolution of valve dom-
ng (lower panel). (ASC. AORTA � as-
ending aorta; LA � left atrium; LCA �
eft coronary artery; LV � left ventricle;
A � right atrium.)

able 3. Concomitant Surgical Procedures with Aortic Valve
epair

itral valve repair 11% (7/62)
ricuspid valve repair 8% (5/62)
ulmonary valve replacement 2% (1/62)

oronary artery bypass grafting 3% (2/62)
onths). The mechanism was related to infectious endo-
arditis in 3 adult patients in their 30s with bicuspid
ative aortic valves prompting replacement in 2 patients
ith aortic allograft and bioprosthetic valves and re-

epair in one. Another patient who had congenital dwarf-
sm and an osteolytic syndrome affecting connective
issue, cartilage, and bone suffered from panvalvular
isease. She required mechanical valve replacement 3
ears later after accelerated failure of aortic valve repair
ith pericardial leaflet extensions. She also needed me-

hanical valve replacement in the mitral, tricuspid, and
ulmonary positions. A fifth patient in his late 20s had a
rior history of resection of subaortic stenosis. He under-
ent aortic valve repair for a stenotic bicuspid aortic
alve with a pericardial leaflet extension after re-
esection of the subaortic area. He separated from car-
iopulmonary bypass uneventfully with excellent hemo-
ynamics and good valve performance, although he
uffered a fibrillatory arrest during closure. He was put
ack on cardiopulmonary bypass for resuscitation and
ubsequently underwent a modified Konno operation
ith takedown of the repair in favor of an aortic biopros-

hesis. The cause of the ventricular fibrillation was likely
ue to coronary air embolism. A final, sixth patient in his
0s had severe AR develop a few months after aortic
alve repair of a bicuspid leaking valve with pericardial
eaflet extensions of the right and left coronary formerly
onjoined cusps. He underwent aortic valve replacement
ith a mechanical device after finding a torn noncoro-
ary cusp and right and left coronary cusps with intact
ericardial leaflet extensions. In retrospect, we may have
rred in not supporting the noncoronary cusp with a
eaflet extension.
The 2-year freedom from valve-related reoperation for
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atients with congenital heart disease was 92% (Fig 3).
or pediatric patients � 18 years of age this freedom from
alve-related reoperation was 100% at 2 years (Fig 4).
ortic valve repair with pericardial leaflet extensions in

he pediatric group has a higher freedom from valve-
elated reoperations than adults after a mean follow-up
f 2 years. Complications due to infectious endocarditis
layed an insignificant role in the pediatric population in
ontrast with adults.

There were five non-valve related reoperations at a
ean of 8 � 13.4 months (range, 0.1 to 33 months). Three

atients required return to the operating room for post-
perative bleeding. Two other patients returned to sur-
ery for wound debridement of sternal infections; one of
he patients was a 10 day-old neonate with truncus
rteriosus undergoing truncal valve repair with leaflet
xtensions and delayed sternal closure, the other was a
edo sternotomy for previous aortic and mitral valve
urgery. These associated conditions may have predis-
osed the latter 2 patients to sternal wound problems.
There were no instances of valve thrombosis, throm-

ig 3. Freedom from valve-related reoperation. (AVR � aortic valve
epair; CHD � congenital heart disease; post-OP � postoperative.)

ig 4. Freedom from valve-related reoperation after repair (age,

S19 years). (AVR � aortic valve repair; post-OP � postoperative.)
oembolism, neurologic events, or renal failure in this
roup. A 10-month-old infant with a history of a modified
onno procedure and subaortic resection for subaortic
nd aortic stenosis, aortic coarctation repair, and residual
entricular septal defect underwent aortic and mitral
alve repair, re-resection of the subaortic area, and
entricular septal defect closure at our institution and
xperienced postoperative heart block requiring perma-
ent pacing. A 56-year-old man undergoing aortic valve
epair for a leaky bicuspid valve with dilation of the
scending aorta through a right mini-thoracotomy had a
ail chest from costochrondral separation develop.

estoration of Trileaflet Configuration in Bicuspid
alves
hirty-nine patients (63%) had congenitally bicuspid
alves with a conjoined leaflet, which was usually the
roduct of fusion between the right and left coronary
usps or some other combination. Thirty-four patients
87%) were successfully converted to trileaflet valves with
he use of autologous pericardial extensions (Figs 1, 2).
he 2-year freedom from reoperation after trileaflet con-
ersion was 90%, whereas those patients with pericardial
eaflet extensions of the bicuspid valves had a lower
-year freedom from reoperation at 70% (Fig 5). This
rend was not statistically important (p � 0.29).

alve Function
he preoperative AR grade was a mean of 3.3 � 1 with
5% of the patients presenting with severity grades of 3
nd 4. The mean severity grade of post-repair intraoper-
tive AR was 0.3. The preoperative aortic stenosis (AS)
rade was a mean of 0.7 � 1.3 with 88% of the study
roup having no or mild aortic stenosis. One patient had
n aortic stenosis severity grade by Doppler echocardi-
graphy of 2, 2 patients had a grade of 3, and 6 patients
ad a grade of 4. At late follow-up, 60% of all patients had
o AR or only a trace (ie, grades 0 and 1). Twenty patients

32%) had mild AR and 4 patients (6%) had moderate AR.

ig 5. Impact or restoration of trileaflet semilunar configuration.
AVR � aortic valve repair; post-OP � postoperative.)
eventy-percent of patients had no aortic stenosis or only
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trace. Thirteen patients had mild stenosis and 1 had
oderate stenosis.

omment

he ideal valve substitute or reparative technique for
ongenital aortic valve pathology remains illusive despite
rogress and refinements in mechanical and biopros-

hetic valves, allograft biology, and Ross’s introduction of
he pulmonary autograft. The biologic constraints of
rowing children, pregnancy, tissue antigenicity, calcium
etabolism, and synthetic valve substitutes herald

leeding and thromboembolic complications, prosthesis–
atient mismatch, calcification, and degeneration, and
ouble semilunar valve disease, thereby impacting long-

erm durability. Furthermore the economics of valvular
isease management make current surgical options out
f reach for the majority of the globe. Aortic valve repair

s a slowly evolving option initially pioneered in devel-
ping areas of the world where compliance and antico-
gulation management have hampered widespread
doption of replacement substitutes and long-term du-
ability [1–3, 20, 22]. The pulmonary autograft is an
ttractive alternative, but as a long-term follow-up ac-
rues, an increasing awareness of inherent structural wall
bnormalities in the pulmonary trunk predisposing to
eoaortic dilation and increased autograft failure rate [13,
9] has prompted some groups to revisit aortic valve
epair with leaflet extension [20, 22].

The appropriate material for aortic cusp extension
emains elusive, although fresh autologous pericardium
nd bovine pericardium were historically limited by
hort-term durability [1, 4, 9, 10]. Treatment of autolo-
ous pericardium with glutaraldehyde seems to improve
urability of these repairs, but for how long remains
nknown, although anecdotal evidence points to a 6-year

o 8-year limit before an increased hazard for degenera-
ion [7]. Al Fagin and colleagues [1] reported on a series
f 20 young adults undergoing aortic valve repair for
heumatic pathology with cusp extension using bovine
ericardium. They reported significant improvements in
igns and symptoms with good relief of stenosis and
egurgitation at a mean of 7 ½ months and at the longest
ollow-up of 23 months. Duran and colleagues [2, 3, 9, 10]
emonstrated improved performance with autologous
ather than heterologous bovine pericardial material for
usp extension. In 27 and 64 patients undergoing aortic
alve reconstruction with bovine and autologous pericar-
ium, respectively, the actuarial survival and freedom

rom structural deterioration at 8 years were 82 � 10 %
nd 76 � 11 % for bovine and 91 � 4 % and 97 � 2 % for
utologous pericardium, respectively [9]. In theory, ab-
ent antigenicity with autologous pericardium should
onfer greater resistance to degeneration than heterolo-
ous pericardium independent of treatment with a tan-
ing or fixative agent. The parallel experience of increas-

ng device survival with glutaraldehyde tanning of
ioprosthetic valves has resulted in similar treatment of

resh autologous pericardial leaflet extensions because

resh autologous pericardium was associated with poorer o
esults due to early thickening and retraction. Glutaral-
ehyde treatment endows the pericardium with more
esistance to retraction and degeneration, and increases
he ease of handling while retaining intrinsic tissue
liability. The effects on long-term calcification and on

nduction of immunologic responses consistent with host
ersus graft reaction remain unknown [7].
More recent reports of aortic valve repair with pericar-

ial leaflet extensions show evolving promise. Bozbuga
nd colleagues [22] reported on 46 patients (mean age, 32
ears), who were mostly adults with rheumatic disease
ndergoing pericardial cusp extensions. Actuarial sur-
ival was 98 � 2 % at 8.6 years. However, disturbingly,
he reoperation rate was 20% (4.3% per patient-year) due
o significant progression of rheumatic disease with
ense fibrosis. The mean interval between repair and
eoperation was 28 �18 months (range, 3 to 58 months).
rinda and coworkers [20] studied aortic valve repair in

9 patients with half the mean age (mean age, 16 � 5
ears) also afflicted with rheumatic disease. The actuarial
urvival at 5 years was 96%, and 92% were free of redo
alvular surgery. At 7 years, 90% of patients were free of
alve-related complications. These results, in a much
ounger population with rheumatic aortic valve pathol-
gy, suggest better early and mid-term outcomes with
lutaraldehyde-treated autologous pericardial leaflet ex-
ensions. The finding of improved freedom from reop-
ration in younger ages is consistent with the present
tudy findings. Rheumatic valvular pathology may neg-
tively impact the durability of this method of aortic
alve repair.
Successful aortic valve repair demands an understand-

ng of anatomy and pathology of the aortic root and
equires surgical techniques to address pathology at
ultiple levels. Subaortic stenosis requires resection. A

ilated or restricted aortic annulus will require subcom-
isuroplasty or an anterior or posterior enlargement.

athology of the semilunar cusps may manifest with
hickening, calcification, retraction, or prolapse that re-
uires leaflet thinning and shaving, leaflet extensions
ith pericardium or leaflet re-suspension. Leaflet perfo-

ations are managed with patches of pericardium. Di-
ated and aneurysmal sinuses, most commonly the non-
oronary, may require exclusion with a pericardial patch
neo-sinus). A dilated sinotubular junction or an ascend-
ng aorta, or both, may require plication, aortic wrapping,
r resection.
Our experience indicates that the best results are

btained when sufficient native aortic tissue including
he hinge point of the native leaflet remains prior to
eaflet extension. When possible, repair of congenitally
icuspid aortic valves by tricuspid conversion confers
etter outcomes, although this did not reach statistical
ignificance in this analysis probably due to insufficient
ample size.

The study limitations in this non-random and retrospec-
ive study involved 62 patients with heterogeneous valvular
athology, although a congenitally bicuspid valve was fea-

ured in more than half the cohort. The mechanisms for AR

r stenosis, or both, were similarly heterogeneous related to
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nderlying congenital heart pathology, previous surgical
nterventions, or percutaneous interventions, or a combina-
ion thereof. The surgical repair of the aortic valve (more
ppropriately, the aortic root or apparatus as in mitral valve
isease) was varied with the common denominator in all
ases (ie, leaflet extensions with glutaraldehyde preserved
utologous pericardium of one, two, or three cusps). In
ost instances we succeeded in converting the bicuspid

ortic valve to a trileaflet valve with division along the
edian raphe and pericardial leaflet extensions. Additional

oot procedures to address dilated sinuses of valsalva,
nnulus, and ascending aorta were necessary in many
nstances. Thus, the relatively small numbers and con-
ounders make subgroup analysis inherently difficult in
omparison with other published series.

In conclusion this study demonstrates that aortic valve
epair with autologous leaflet extension is safe and effective
n the short and intermediate term for patients with con-
enital aortic pathology. The mortality and morbidity for
his operation is very low. This observation complements
he body of literature demonstrating similar results in
opulations with predominant rheumatic valvular disease.
he congenitally bicuspid valve is reliably restored to nor-
al trileaflet configuration with pericardial leaflet exten-

ions in most instances. The trend in this study toward
mproved freedom from reoperation suggests improved
urability of this trileaflet configuration over the repaired
icuspid valve. The potential mechanism for this is un-
nown, but it may relate to reduction in leaflet stress load
nd improved flow patterns. At the very least this technique
n the intermediate run may spare the growing child the
otentially significant complications from alternative strat-
gies (pulmonary autograft, prosthetic valve, and allograft)
ntil a much later and mature date. Aortic reparative

echniques will continue to evolve in light of favorable
ntermediate-term outcomes.
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ISCUSSION
R KIRK R. KANTER (Atlanta, GA): Jonah, the question that all
f us, I’m sure, are thinking is what constitutes a valve that
annot be repaired? What bicuspid aortic valve is not suitable
or this technique and therefore has to undergo a Ross proce-
ure or another valve replacement?

R ODIM: Thank you, Dr Kanter. Clearly, if you have disease that
hich it would be very difficult, at least with present techniques, to
epair. Bicuspid aortic valve pathology in the much older patient
resents this way in the 6th, 7th, and 8th decades of life, where you
ave extraordinary amounts of annular and leaflet calcification that
ake reconstruction very difficult.

R DOMINIQUE METRAS (Marseille, France): That was a very

nteresting and spectacular presentation. In the same period of
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ime, how many patients did need an aortic valve replacement?
as that a consecutive series of all aortic valve procedures, or in

he same time did you have to replace valves in children?

R ODIM: That’s a good question. This is not a consecutive
eries of all operations on the aortic valve during this period.
here were patients that had aortic valve replacements with
echanical and other types of prosthetic substitutes based on

iscussion of available options between surgeon and patient,
nd the final choice of the patient following an informed consent
rocess.
This series is essentially a consecutive series from the senior

urgeon in our group who tackled valves of this nature using
utologous pericardial leaflet extensions. For the most part, if we
elt the valve could be repaired preoperatively, it was success-
ully repaired, based on assessments of the aortic root subaortic
egion, and ascending aorta.

R METRAS: In other words, what percentage of aortic valve
urgery in children is done with this technique as opposed to
ortic valve replacement?

R ODIM: I would have to say, without knowing that number
xactly, the majority of our children are getting this technique.

R RANDAS BATISTA (Curitiba, Brazil): Dr. Odim, I congrat-
late you and your group for these results. I have a similar
xperience. We presented our experience in 1986. At that time
e had 60 patients; now we have 900. I don’t extend the cusps.
prefer to change the whole valve, not do only extension. Most
f the times I find the edge of the leaflet to be quite thin, for that
eason I prefer to place the suture right at the annulus. Thank
ou.

R ODIM: Thank you very much. We acknowledge your
xcellent and pioneering work. We find, in many instances,
ecause the pathology is heterogeneous, it is necessary to resect
ariable amounts of leaflet tissue. And from time to time, we will
o to the annulus and reconstruct from that point.

R HILLEL LAKS (Los Angeles, CA): I just want to mention two

ases that Jonah mentioned. There were two neonates who had d
runcal valve with both regurgitation and stenosis, which were
uite severe; four-leaflet valves that would have required a very
omplex repair or else root replacement. In both of them, they
ere converted to three-leaflet valves with leaflet extension after
ebridement of the thickened leaflets and both had completely
ompetent, unobstructed valves at the end. So this is a tremen-
ous part of the armamentarium of the surgeon in this kind of
rocedure.
And with regard to the limitations, in children, I would say

hat pretty much every bicuspid valve is amenable to this kind of
epair. As Dr Batista mentioned, there are some children who
ave a connective tissue weakness with a very dilated root and
ith very thinned-out leaflets, there was no raphe. So it is a truly
icuspid valve with no thickened raphe. And in those, just
ividing and then sewing the leaflet extension, we have also
een concerned about the possibility of dehiscence. And in some
f those, we did two-leaflet repairs.
One of the failures was a patient, who, as Jonah mentioned, we

xtended only two leaflets, and at that time we suspended the
arger leaflet hoping that if we left at least one leaflet without the
eplacement it would last even longer. And it turned out that
his one leaflet re-prolapsed and caused the regurgitation, so we
ow feel that if you’re going to do the extension all three leaflets
hould be extended.

And the other point that Jonah made already is that you have
o anchor them full thickness with the pledget outside the aorta
o avoid them cutting through and prolapsing.

And the other issue is that in children who have a hyperplastic
scending aorta with a three-leaflet extension, you end up with
uite a mass of tissue near the sinotubular junction. And in
rder to avoid a gradient, which we had in 2 patients, and once
e got about a 20-mm, 30-mm gradient in each of them, we went
ack and just put a patch on the ascending aorta and the
radient completely disappeared. So in the small aorta we think
hat you should, as part of your treatment, make the aorta
lightly bigger with a patch at the time of the initial repair.

But the beauty of this is that you have a very low-risk
rocedure and you can put off a Ross, which damages two
alves, until a child is in his teens, instead of doing it when he’s
or 4. And we think that that’s one of the major advantages. It
oesn’t mean you can’t do the Ross in the future if this valve

eteriorates at that point.


	Results of Aortic Valve-Sparing and Restoration With Autologous Pericardial Leaflet Extensions in Congenital Heart Disease
	Patients and Methods
	Follow-Up

	Results
	Reoperations
	Restoration of Trileaflet Configuration in Bicuspid Valves
	Valve Function

	Comment 
	References
	DISCUSSION


