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he Ross-Konno procedure, applied to neonates with
evere left ventricular outflow tract (LVOT) obstruction,
ffers a satisfactory solution in fully releasing the LVOT
radient, and in replacing the aortic valve with a pulmo-
ary autograft with an excellent growth potential. We
eported on three recent neonatal cases.

(Ann Thorac Surg 2004;77:2223–5)
© 2004 by The Society of Thoracic Surgeons

evere left ventricular outflow tract obstruction
(LVOTO) may complicate congenital aortic valve

tenosis, interrupted aortic arch (IAA), and Shone’s com-
lex. The optimal surgical procedure in neonates remains
ontroversial [1]. Although the Norwood procedure may
e required in patients with hypoplastic left ventricle

LV), a Ross-Konno procedure should be considered in
eonates with acceptable LV size [2], as reported here in
patients.
Between September 1999 and July 2002, 11 patients

nderwent a Ross-Konno procedure, performed by the
ame surgeon, at the Eppendorf University Hospital,
amburg, Germany. Patients with hypoplastic left heart

yndrome were excluded from the study. The median age
as 84 months, including 4 infants. This report focuses
n the three neonates who underwent a Ross-Konno
rocedure.
A 39-weeks’ gestation girl weighing 3.2 kg had inter-

upted aortic arch (IAA) type B1 with a 5-mm bicuspid
ortic valve stenosis (AVS) and left ventricular outflow
ract obstruction (LVOTO) (3 mm) by malalignment of
he conal septum (displaced posteriorly), as well as a
arge perimembranous ventricular septal defect (VSD). A

odified Ross-Konno procedure was performed at 10
ays of age. The conal septum was almost totally resected

Fig 1) and the pulmonary autograft was implanted
irectly on the inferior rim of the VSD and on the
esidual aortic annulus, using the muscular wall of the
utograft (Fig 2). The IAA was repaired by direct anasto-
osis. The right ventricular outflow tract (RVOT) was

econstructed using a 12-mm composite Labcor conduit.
A 40-weeks’ gestation boy weighing 3.1 kg received a

ccepted for publication April 28, 2003.

ddress reprint requests to Dr Lacour-Gayet, Cardiothoracic Surgery
epartment, The Children’s Hospital in Denver, 1056 East 19th Ave,
aenver, CO 80218; e-mail: lacour-gayet.francois@tchden.org.
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iagnosis of Shone’s complex. Echocardiography re-
ealed a critical AVS, with a LV-to-aorta gradient of 70
m Hg, with a doming bicuspid aortic valve and a 7-mm

ortic annulus diameter. The subaortic area presented a
-mm muscular stenosis at echocardiography. The LV
hortening fraction was reduced to 16%, with a nearly
ormal left ventricular end diastolic volume. There was
evere mitral valve regurgitation associated with a mitral
radient of 7 mm Hg. There was an arch obstruction with
hypoplastic aortic arch at 4 mm; the associated aortic

oarctation was reopened under prostaglandin. A bal-
oon valvuloplasty was attempted and led to significant
ortic regurgitation. The patient underwent surgery at 16
ays of age. A Ross-Konno procedure was performed,
nd the RVOT was reconstructed using an 11-mm valved
ryopreserved homograft. The aortic arch was repaired.
he mitral valve presented a rare anomaly. The two
ormal papillary muscles were attached by a transverse
horda tendineae implanted on top of the papillary
uscles. The abnormal chordae pulled the muscles to-

ether, creating both a parachute mitral valve aspect and
evere mitral valve regurgitation. This T-shape trans-
erse fibrous chorda was simply resected.
A 38-weeks’ gestation girl, weighing 2.9 kg, with

ierre-Robin sequence (micrognathia and cleft palate),
resented with severe AVS (gradient 60 mm Hg) of a
-mm bicuspid domed aortic valve with moderate aortic
egurgitation after balloon valvuloplasty, 2 small muscu-
ar VSDs, and foramen ovale. The girl underwent a
oss-Konno procedure because aortic valve reconstruc-

ion was impractical.

echnique
rocedures were performed with continuous cardio-
ulmonary bypass (CPB), bicaval cannulation, and mod-
rate to deep hypothermia. IAA repair was performed
ithout circulatory arrest. The brachiocephalic artery
as selectively perfused, and the flow was reduced to

0 mL · kg�1 · min�1. Repeated cold crystalloid cardio-
legia (Custodiol) and topical cooling were used for
yocardial protection. The Ross-Konno procedure
as performed following the general technical prin-

iples described previously [3]. The Ross-Konno techni-
al modification used in patient 1, presenting with IAA
ype B1 and LVOT obstruction, is detailed in Figures 1

nd 2.

0003-4975/04/$30.00
doi:10.1016/S0003-4975(03)01279-7
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esults

ostoperative Course
PB time was 248 � 69 minutes (range 184 to 321
inutes), and the aortic cross-clamp time was 144 � 25
inutes (range 123 to 172 minutes). In all patients,

ntraoperative echocardiography showed excellent neo-
ortic valve function with not more than trivial aortic
alve regurgitation. All levels of obstruction were
arkedly reduced, with the gradient abolished. ICU

tay of 17.7 � 13.0 days (median 17 days) was pri-
arily related to infection, respiratory insufficiency,

eed for inotropic support 6.0 � 2.6 days (median
days), and delayed sternal closure 3.7 � 2.9 days

median 2 days). Length of hospital stay was 27.3 � 21.5
ays (median 17 days). One patient suffered from tem-
orary neurologic abnormalities following CPR due to
yperkalemia, need for temporary peritoneal dialysis,
ilateral chylothorax, thrombolytic therapy for inferior
ena cava occlusion, and moderate right pulmonary
rtery stenosis (apparently related to compression by the
arge autograft) requiring stent implantation. Another
atient had a temporary left-sided phrenic nerve palsy.
o date, all patients are in sinus rhythm, with no history

ig 1. Technique followed for patient 1, presenting with interrupted
ortic arch type B1 and left ventricular outflow tract obstruction.
ote the complete resection (dashed line) of the conal septum.
f atrioventricular block. u
ollow-Up
ll patients are alive, achieved normal growth, and are in
w York Heart Association class I. For the three neonates
eported here, the median follow-up was 405 days (29
ays–36 months).

utograft Function
erial two-dimensional echocardiography was obtained

n all three patients. There was no autograft dilation or
VOTO. One patient had a mild autograft insufficiency.

llograft Function
ne patient needed reoperation at 4 months for an early
omograft failure, with massive pulmonary regurgita-

ion. At reoperation, no more sigmoid leaflet could be
ound on the pulmonary homograft. Mild to moderate
omograft insufficiency was present in 2 patients.

omment
elief of the LV-to-aorta gradient is crucial in preserving

ong-term LV function in neonates presenting with var-
ous types of LVOTO. Balloon valvuloplasty can achieve
ood results. The risk of iatrogenic valve regurgitation,
owever, remains significant, as with two of our patients.
atients presenting with either IAA-LVOTO or multiple-

ig 2. The left ventricular outflow tract obstruction is reconstructed
sing the infundibular free wall of the autograft to directly close the
entricular septal defect. The neo-aortic annulus was not reinforced,
o to not limit growth. The right ventricular outflow tract was recon-
tructed with a right ventricle-to-pulmonary artery valved conduit,

sing different materials.
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evel stenoses cannot be treated by interventional cardi-
logy procedures.
The surgical options in neonates are limited. The

ommissurotomy is the simplest and safest method. In
any cases, however, the hypoplastic aortic annulus

eads to a residual gradient that can rapidly become
eleterious. With simple surgery or balloon valvulo-
lasty, subsequent corrective surgery may be required
ecause of an important residual gradient or severe
egurgitation of the aortic valve. A Ross-Konno operation
s always necessary. The aortic valve replacement with a

echanical prosthesis is usually impossible, requiring an
mpractical aortic annulus enlargement. Aortic ho-

ografts have been used extensively [4], yet are associ-
ted with a high risk of early homograft deterioration.
pparently, the Ross-Konno procedure may be the most

atisfactory option with a satisfactory growth potential of
he autograft [5]. The RV-to-PA valved conduit deterio-
ation or outgrowth may require reoperation that may be
eeded early as seen in 1 patient.
In IAA associated with LVOTO, several authors have

uggested preserving the aortic valve, even with aortic
iameters as small as 3.5 mm [6, 7]. In these patients,
owever, the risk of secondary LVOTO remains signifi-
ant [7]. Thus, a primary Ross-Konno procedure in IAA
ith severe LVOTO appears reasonable, but may need

onfirmation by longer follow-up.
In patient 1, the LVOTO was caused by the posterior

isplacement of the conal septum. The infundibular
eptum in this patient was short. The resection through
he right ventricle of this infundibular septum [8] was
udged too hazardous for the aortic valve.

In multiple-level left heart stenoses (Shone’s complex),
he mitral valve lesion dominates both the possibility of
iventricular repair and long-term prognosis. To our
nowledge, the lesion found in patient 2 has not been

escribed previously. The parachute-like lesion was cu-
iously related to an abnormal transversal chorda pulling
ogether the top of the two papillary muscles. Resecting
he transversal chordae could easily treat the abnormal-
ty. This case emphasizes the importance of intraopera-
ive checking of the mitral valve in Shone’s syndrome
urgery.
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