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Case Report

Intraoperative Conversion from Aortic Valve Neocuspidization  
to Valve Replacement in a Teenager
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Akinori Hirano, MD, PhD1), Haruhiro Nagase, MD1), Yukino Iijima, MD1),  

and Takaaki Suzuki, MD, PhD1)

1) Department of Pediatric Cardiac Surgery, Saitama Medical University International Medical Center, Saitama, Japan
2) Department of Pediatric Cardiology, Saitama Medical University International Medical Center, Saitama, Japan

Numerous studies have substantiated the viability of aortic valve neocuspidization (AVNeo) in the pediatric 
demographics; however, the potential complications associated with this technique remain inadequately eluci-
dated. A 12-year-old female patient presented with aortic regurgitation following the unroo�ng procedure 10 
months earlier for the anomalous origin of the le� coronary artery from the right coronary cusp exhibiting an 
intramural course. She underwent AVNeo this time. It appeared there had been a constriction at the sino-tubular 
junction, despite the absence of a notable pressure gradient. During the surgical procedure, all three leaets were 
replaced with patches of the glutaraldehyde-treated autologous pericardium that had degenerated and thickened 
due to prior surgery. During the weaning process from cardiopulmonary bypass, episodes of ventricular �bril-
lation recurrently occurred, coinciding with signi�cant aortic stenosis (AS) indicated on intraoperative transe-
sophageal echocardiography. Consequently, a decision was made to proceed with mechanical valve replacement 
in conjunction with annular enlargement. Following this revision, weaning from cardiopulmonary bypass was 
successfully achieved, culminating in patient’s discharge on the postoperative day 25. AVNeo was performed in 
an adolescent, necessitating intraoperative conversion to mechanical valve replacement. It is conceivable that 
both supra-aortic stenosis, clinically insigni�cant but morphologically signi�cant, and the pericardium inade-
quately �exible limited opening of the reconstructed lea�ets.
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Introduction
Aortic valve neocuspidization (AVNeo) has garnered 

considerable acceptance within the adult population.1‒3) 
Numerous reports have indicated the feasibility of 
implementing AVNeo in pediatric patients; however, 
the inherent challenges of this technique remain inade-
quately elucidated.4‒6) Herein, we present a case in which 
AVNeo was attempted but ultimately necessitated con-
version to mechanical valve replacement accompanied 
by annular enlargement.

Case Presentation
A 12-year-old girl with an anomalous origin of the 

le� coronary artery from the right coronary cusp, char-
acterized by intramural course of the coronary artery, 
underwent unroo�ng of the le� main trunk. During the 
surgical procedure, aortic regurgitation (AR) emerged, 
prompting us to attempt commissural suspension and 
plasty to the right coronary cusp. Despite the aortic 
valve intervention included within a total cardiac arrest 
duration of 174 minutes, a trivial-mild degree of AR per-
sisted. Subsequently, AR through the central and com-
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missural regions between the le� and the right coronary 
cusps progressively deteriorated (Fig. 1). �e le� ven-
tricular end-diastolic diameter increased from 42 mm to 
45 mm over a period of six months. Cardiac catheteriza-
tion performed three months postoperatively revealed 
le� ventricular end-diastolic pressure of 16 mmHg, AR 
being categorized as Sellers IV. Despite the absence of a 
discernible pressure gradient, morphological constric-
tion was noted at the sino-tubular junction (Fig. 2A). 
Additionally, contrast-enhanced computed tomography 
con�rmed the narrowing of the sino-tubular junction 
(Fig. 2B). Given the patient’s age and activity level, we 

considered AVNeo as a viable alternative to mechanical 
valve replacement.

Following dissection around the heart, the pericar-
dium was harvested and subjected to glutaraldehyde 
treatment for seven minutes. A�er induction of car-
dioplegic arrest, a transverse aortotomy was performed 
in the proximal ascending aorta, approximately 1.5 cm 
distal to the right coronary ostium. All three lea�ets 
exhibited thickening, particularly the le� coronary cusp, 
necessitating complete resection. �e dimension of the 
non-coronary cusp was measured 17 mm, and 15 mm 
each for the right and the le� coronary cusps. �ree 

Fig. 1　Preoperative images on trans-esophageal echocardiography
Ao, aorta; LV, left ventricle; LCC, left coronary cusp; NCC, non-coronary cusp; RCC, right coronary cusp

Fig. 2　 (A) Preoperative cardiac catheterization image. (B) Preoperative contrast enhanced computed tomography 

image. (C) Postoperative cardiac catheterization image. The white arrow heads denote the sino-tubular 

junction.
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new aortic valve lea�ets were meticulously fashioned 
from the glutaraldehyde-treated autologous pericardium 
using a commercially available template. Subsequently, 
these were sutured to the remnant hinges of the resected 
lea�ets and the aortic wall (Fig. 3). �e aortotomy was 
reinforced with a patch of the glutaraldehyde-treated 
autologous pericardium. During the weaning process 
from cardiopulmonary bypass, ventricular �brillation 
occurred frequently. Direct pressure measurements 
indicated that le� atrial pressure exceeded 30 mmHg, 
while transesophageal echocardiography revealed 
diminished le� ventricular contractility. �e peak �ow 
velocity across the aortic valve was measured as 4.1 m/s. 
Consequently, cardiac arrest was induced again; the 
previous aortotomy was extended into the non-coronary 
sinus, the reconstructed lea�ets were all excised, and a 
17 mm St. Jude Medical Regent valve (St. Jude Medical, 
St. Paul, MN) was positioned in the supra-annular loca-
tion following aortic annular enlargement by the Nicks 
procedure. Subsequent to this revision, weaning from 
cardiopulmonary bypass was successfully achieved, and 
an estimated pressure gradient across the aortic valve 
became less than 20 mmHg. (�e �rst aortic cross-clamp 
time was 186 minutes, and the second 143 minutes.) 
A�er a prolonged 10-day intensive care unit stay due to 
persistent pleural e�usion, the patient was discharged 
home on the postoperative day 25.

At the four-month postoperative assessment, cardiac 
catheterization revealed morphological constriction of 

the sino-tubular junction (Fig. 2C). On the other hand, 
trans-thoracic echocardiography did not indicate aortic 
stenosis; a peak velocity (Vmax) of 0.8 m/s and a mean 
pressure gradient (PG) of 2 mmHg.

Discussion
Recent literature has documented an increasing num-

ber of pediatric cases of AVNeo, some demonstrating 
superior short-term outcomes compared to mechanical 
valve replacement. �e advantages of AVNeo in the 
pediatric demographics include the elimination of antico-
agulant requirements, the absence of an immune response 
to autologous pericardium-derived valve lea�ets, and the 
prevention of prosthesis-patient mismatch associated 
with the implantation of prosthetic valves within a dimin-
utive valve annulus.3‒5) In this case, the implantation of 
a bioprosthetic valve was deemed unfeasible due to the 
limited size of the aortic annulus. Additionally, lifelong 
anticoagulation following mechanical valve implantation 
must be avoided due to its teratogenic potential. Further-
more, the Ross procedure was precluded by the patient’s 
anomalous coronary arterial anatomy. �us, AVNeo 
emerged as the most favorable surgical option.

�e diameter of the aortic annulus was measured 
as 19 mm (Z= 0.24), indicating that the annular size 
itself did not contraindicate AVNeo. However, limited 
motion of the reconstructed lea�ets would have been 
anticipated for two reasons. Firstly, anatomy of the 
aortic root were signi�cantly unusual. �e core concept 
of AVNeo involves reconstructing aortic valve cusps 
using oversized pericardial lea�ets to achieve optimal 
coaptation. Given her morphologically constricted 
sino-tubular junction, it was hypothesized that redun-
dant lea�et tissues might have encountered restrictions 
in movement at this anatomical juncture. Additionally, 
it was conceivable that the thickened new aortic valve 
lea�ets could have covered the coronary arterial ori�ces 
causing cardiac ischemia and ventricular �brillation 
following aortic declamping. In the adult population, 
in contrast, both stenosis and regurgitation across the 
aortic valve typically result in dilation of the aortic root, 
including the sino-tubular junction, wherein redundant 
reconstructed lea�ets would function optimally. �e 
etiology of stenosis in our patient remains unknown; 
we speculate that a prior surgical intervention could 
have promoted this lesion. While we were aware of the 
aortic constriction preoperatively, we opted against 

Fig. 3 Intraoperative image depicting three newly 

created aortic leaflets (indicated by white 

arrow heads). The long white arrow delineates 

the cranial and caudal orientation of the body.
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intervention on the lesion, as both cardiac catheterization 
and echocardiography indicated no signi�cant pressure 
gradient. In this patient, the initial aortic clamp time was 
186 minutes, which was excessively prolonged to repeat 
aortic cross-clamp for further aggressive augmentation. 
�erefore, we opted for aortic valve replacement as it 
presented a more reliable and expedient solution rather 
than sticking to AVNeo. AVNeo concomitantly with alle-
viation of supra-aortic stenosis from the beginning might 
have yielded better outcomes. �is would be particularly 
the case in patients undergoing AVNeo at reoperations.

Secondly, it is debatable whether use of the autologous 
pericardium is appropriate for AVNeo at reoperation. 
Watanabe et al. have documented lea�et degeneration 
following AVNeo in pediatric patients, with one patient 
developing intraoperative moderate aortic stenosis.6) �is 
particular patient had a surgical history prior to AVNeo 
and presented with a small aortic annulus (95% of the 
normal size). �e authors postulated that inadequate 
pericardial �exibility led to aortic stenosis, which mani-
fested during the postoperative period. Although the har-
vested autologous pericardium appeared pliable, it could 
have been less ideal for long-lasting AVNeo lea�ets. Use of 
alternative materials, such as a bovine pericardium, might 
have enhanced mobility of reconstructed lea�ets.

Furthermore, the etiology of aortic regurgitation in 
our case is likely iatrogenic, stemming from alterations 
in the geometry of the right coronary cusp during the 
previous surgical intervention. Direct inspection during 
AVNeo revealed degeneration of all three lea�ets around 
the central edges and a central jet had been noted on 
preoperative echocardiography. Still, the primary cause 
of regurgitation was identi�ed as prolapse of the right 
coronary cusp. Consequently, single-lea�et reconstruc-
tion would have been a plausible alternative.7)

Conclusions
AVNeo was performed in an adolescent, culminat-

ing in intraoperative conversion to mechanical valve 
replacement. Hemodynamically inconsequential but 
morphologically signi�cant supra-aortic stenosis and 
creation of new aortic lea�ets derived from the thick-
ened and in�exible autologous pericardium resulted in 
severe aortic valve obstruction intraoperatively. When 
AVNeo is carried out as a reoperation, supra-aortic ste-
nosis would better be addressed and use of degenerative/
thickened autologous pericardium should be avoided in 

order to enhance the outcomes of AVNeo. Additionally, 
single-lea�et reconstruction may represent a viable 
alternative, particularly in such instances.
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