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Mid-Term Outcomes of the Ozaki Procedure:
A Single-Center Experience

ABSTRACT

Background: To assess the mid-term clinical and echocardiographic outcomes of the
Ozaki (aortic valve neocuspidization (AVNeo)) procedure performed at a single center.

Methods: A total of 258 patients who underwent the AVNeo procedure between
February 2019 and February 2025 were retrospectively analyzed. Demographic, opera-
tive, and echocardiographic data were evaluated. Patients were followed up with clinical
examinations and transthoracic echocardiography at discharge, 3 months, 6 months, and
annually thereafter.

Results: The mean follow-up duration was 36 + 17.5 months. The average age was 56.4
+ 151 years, and 31.6% were female. The mean peak pressure gradient across the aortic
valve was 17.0 (11.8-20.2) mm Hg immediately after surgery, then 14.0 (11.0-19.0) mm Hg
at 1year and 17.0 (12.0-23.0) mm Hg at 3 years. The Friedman analysis demonstrated a
statistically significant change in peak pressure gradient over time (3*=68.103, P < .001).
Preoperatively, ejection fraction was 58.0 (52.0—64.0) %, increasing to 60.0 (56.0—62.0)
% at 1year and 61.0 (59.0—-62.0) % at 3 years. Mild aortic regurgitation was seen in 2.7%
of patients, and the reoperation rate was 0.38%. There were 3 in-hospital deaths (1.1%).
Minimally invasive approaches (5 patients via a right anterior thoracotomy, 7 patients via
an upper J sternotomy) were successfully performed in selected patients without need-
ing to convert to full sternotomy.

Conclusion: The AVNeo procedure provides excellent mid-term outcomes with low com-
plication and reoperation rates. Its compatibility with minimally invasive approaches and
avoidance of anticoagulation make it a promising, durable alternative to conventional
aortic valve replacement.

Keywords: Aortic valve neocuspidization, aortic valve reconstruction, autologous peri-
cardium, minimally invasive cardiac surgery, Ozaki procedure

INTRODUCTION

Since Dr. Dwight Harken performed the first successful aortic valve replacement
(AVR)in1960,ithasremainedthestandardtreatmentforaortic valve disease (AVD)
and is now the most common heart valve surgery worldwide. Despite advancesin
prosthetic valve technology, anideal prosthetic valve has not yet been developed.
Mechanical heart valve prostheses require lifelong anticoagulation, which car-
ries an estimated 2% annual risk of major bleeding after AVR. On the other hand,
bioprosthetic valves are mainly limited by structural valve degeneration, which
often requires reoperation.? The growing popularity and standardization of repair
techniques for atrioventricular valves, combined with the limitations of prosthetic
valves, have increased interest in aortic valve repair for AVD.® However, few cen-
ters perform this procedure, which is mostly used for aortic valve insufficiency,
and few surgeons specializeinit.

The first documented aortic valve reconstruction using glutaraldehyde-treated
autologous pericardium was reported by Duran et al.** Building on this method,
Ozaki et al standardized aortic valve reconstruction—now called the “Ozaki pro-
cedure”"—by tailoring 3 different cuspsizes, usually based on the distance between
the commissures, while accounting for the different hemodynamic stresses on
each cusp.®” The Ozaki procedure has become a valuable treatment option for
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various aortic valve conditions, including aortic stenosis (AS),
aortic regurgitation (AR), and infective endocarditis, and its
use is growing globally.®

The aortic valve neocuspidization (AVNeo) procedure was
introduced at the center in February 2019. This study aims
to evaluate the mid-term clinical outcomes of patients who
underwent the AVNeo procedure at theinstitution.

METHODS

Study Design and Patient Population

The Institutional Ethics Committee approved the study pro-
tocol (Approvaldate: October 9,2025, No:2025/176). The first
consecutive 258 patients who underwent the AVNeo pro-
cedure at the center between February 2019 and February
2025 were included in the study. Data were collected and
analyzed retrospectively to evaluate the mid-term clinical
outcomes of the procedure after receiving ethics commit-
tee approval. Throughout the study period, the institution
routinely performed both conventional AVR and the AVNeo
procedure. The AVNeo procedure was offered to patients
with suitable valve anatomy who declined prosthetic valves,
had a small aortic annulus with a risk of patient—prosthe-
sis mismatch, or were deemed good candidates based on
the heart team’s assessment. Patients requiring redo aortic
valve surgery were excluded from the study. Additionally,
the AVNeo procedure was avoided at the institution when
usable autologous pericardium was unavailable (e.g., due to
prior pericarditis or prior thoracic radiation). All patients pro-
videdinformed consent before surgery. They underwentrou-
tine postoperative follow-up with clinical evaluations and
transthoracic echocardiography at 3 months, 6 months, and
annually afterward. The study was conducted in accordance
with the Declaration of Helsinki.

Surgical Technique

The surgical procedure was performed through a median
sternotomy in 244 patients. As the expertise in the AVNeo
technique and minimally invasive cardiac surgery increased,
alternative approaches in select cases with isolated aortic
valve issues were used: 5 patients underwent surgery via
a right anterior thoracotomy, and 7 patients were treated

HIGHLIGHTS

e The Ozaki procedure showed excellent mid-term
hemodynamic performance and valve durability in 258
patients.

e The technique demonstrated low reoperation rates
(0.38%) and minimal postoperative complications, with
no need for prosthetic conversion.

e Thetechniquewasfeasibleincomplexcombinedcardiac
surgeries and through minimally invasive approaches,
including right anterior thoracotomy and upper J ster-
notomy, and was safely implemented.

e The Ozaki procedure maintained natural aortic annular
dynamics, showed good hemodynamic performance
even in patients with small aortic annuli, and eliminated
the need for lifelong anticoagulation therapy.
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through an upper J sternotomy. All cases employed standard
cannulation techniques and routine myocardial protection
with antegrade cold blood cardioplegia. Autologous pericar-
dium was harvested and prepared to atleast 7 x 8 cm. Proper
sizing was emphasized as a key factor for procedural success.
After excising and customizing the native aortic valve cusps,
new pericardial cusps were implanted using the standard-
ized AVNeo procedure (Figure 1).% In patients with bicuspid
or unicuspid morphology, tricuspidization was performed
(Figure 2).%2

Statistics

Continuous variables were assessed for normal distribu-
tion using the Shapiro—Wilk test and visual inspection of
Q-Q plots. Data that followed a normal distribution were
reported as mean =+ standard deviation, while non-normally
distributed variables were presented as median [interquar-
tile range (IQR)]. Categorical data were summarized with
frequencies and percentages. Since the study included mul-
tiple surgical groups with repeated echocardiographic mea-
surements across follow-up periods (preoperative, 1°* month,
3-12 months, and beyond 12 months), a repeated-measures
analysis was applied. As continuous echocardiographic
variables were predominantly non-normally distributed,
within-group changes over time were analyzed using the
Friedman non-parametric 2-way ANOVA. Post-hoc pair-
wise comparisons between time points were performed
using the Wilcoxon signed-rank test with Bonferroni cor-
rection (adjusted significance threshold: a=0.056=0.0083).
Between-group comparisons at each time point were
performed using the Kruskal—Wallis test. For significant
Kruskal—Wallis results, post-hoc pairwise comparisons were
conducted using the Mann—Whitney U-test with Bonferroni
correction (@=0.05/3=0.017). All statistical analyses were
conducted using IBM SPSS Statistics, version 26 (Armonk,
NY, USA).

RESULTS

Preoperative Characteristics

The study cohort had a mean age of 56.4 + 151 years (range
17-80), with females comprising 31.6% (n=79). Detailed clini-
cal and preoperative echocardiographic baseline charac-
teristics are shown in Tables 1 and 2. Valve morphology was
bicuspid in 17% (n=44), unicuspid in 0.003% (n=1), and tri-
cuspid in the remaining 82.5% (n=213). The median logistic
EuroSCORE was 3.0 (1.0-4.0).

Operative Data

Concomitantsurgicalinterventionsincluded coronary artery
bypass grafting (CABG) in 18 patients, mitral valve replace-
ment (MVR)in 21, and ascending aortic surgery in 36 patients
(comprising 19 Florida sleeve procedures and 17 supracoro-
nary ascending aortic replacements). Additionally, 1 patient
underwent combined MVR and ascending aortic surgery, 3
had combined MVR and CABG, one had CABG with ascend-
ing aortic surgery, and 1had simultaneous CABG and carotid
endarterectomy. The mean durations for cardiopulmonary
bypass and aortic cross-clamp were 166.6 + 47.8 minutes
and 122.5 + 30.9 minutes, respectively. For isolated AVNeo
procedures, these times were shorter, averaging 132.6 +
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Figure 1. Intraoperative images before and after the AVNeo (Ozaki) aortic valve reconstruction. The image on the left displays
the native aortic valve with calcified cusps before removal, while the image on the right shows the reconstructed valve with

autologous pericardial leaflets after the procedure.

36.9 minutes for cardiopulmonary bypass and 101.7 + 24.3
minutes for cross-clamping. None of the minimally invasive
approaches required conversion to full median sternotomy.
Intraoperative transesophageal echocardiography con-
firmed satisfactory hemodynamic function of all recon-
structed aortic valves, with no cases needing conversion to
prosthetic valve replacement.

Postoperative Outcomes

Hospitalization and ICU stay: The average length of stay in
the intensive care unit was 1.2 + 0.8 days, while the total hos-
pital stay averaged 6.5 + 2.1days.

Echocardiographic findings: The mean follow-up period
was 36 +17.5 months. Predischarge transthoracic echocar-
diography showed a mean peak pressure gradient of 17.0
(11.8-20.2) mm Hg, with mild AR identified in 7 patients. At
1-year and 3-year follow-ups, mean peak gradients were

g " ‘ ll 4 e, 4 =
Figure 2. Intraoperative images showing the morphology of a bicuspid native aortic valve before removal (left), the excised
native valve leaflets (center), and the reconstructed aortic valve with autologous pericardial cusps after completing the
tricuspidization procedure (right).

14.0 (11.0-19.0) mm Hg and 17.0 (12.0-23.0), respectively. The
Friedman analysis showed a statistically significant change
in peak pressure gradient over time (y*=68.103, P<.001).
Post hoc Wilcoxon analysis with a Bonferroni correction con-
firmed that the gradient decreased significantly from pre-
operative values at all postoperative time points (all P<.001),
with no significant differences between postoperative time
points (all P>.0083), indicating stable, sustained hemody-
namic improvement. One patient who underwent an iso-
lated AVNeo procedure required reoperation due to grade 2
AR at 2 months postoperatively. A significant improvement
in left ventricular function was observed in patients after
the Ozaki procedure. Preoperatively, ejection fraction was
58.0 (52.0—-64.0)%, increasing to 60.0 (56.0—62.0)% at 1 year
and 61.0 (59.0—62.0)% at 3 years. A Friedman test showed
a statistically significant change over time (}*=30.314, P
< .001). Post hoc pairwise comparisons indicated that the

. \ \ 7
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Table 1. Preoperative Clinical Characteristics of the Patients

Table 2. Preoperative Echocardiographic Characteristics of

Number of Percentage Patients
Patients (%) Parameters Values
Diabetes mellitus 73 28.29 Ejection fraction, (IQR) (%) 58.0 (52.0-64.0)
Hypertension 154 59.68 >55 190 (73.64)
Hyperlipidemia 36 13.95 45-54 29 (11.24)
Coronary artery disease 59 22.86 36—44 24 (9.3)
Previous cerebrovascular 6 2.32 <35 15 (5.81)
accident Left atrium (mm) 422471
Glomerular filtration rate Left ventricular end-diastolic diameter, 60.0 (57.0-62.0)
<30 6 2.32 (IQR) (mm)
30-60 18 697 Aortic annulus (mm) 23.3+2.6
>60 234 90.69 Patology (%)
Aortic stenosis (AS) 127 (49.22)
improvement became significant at 1 year and was main- Aortic regurgitation (AR) 88 (34.)
tained at 3 years (P <.001for both comparisons vs. baseline). Mixed lesion (AS + AR) 43(16.66)

The median left ventricular end-diastolic diameter was 60.0
(57.0—62.0) mm preoperatively and decreased significantly
to 52.0 (49.0—55.0) mm at 1 year, further declining to 49.0
(46.0—52.0) mm at 3-year follow-up. A Friedman test showed
a statistically significant change over time (y*=52.751, P <
.001). Post hoc pairwise comparisons confirmed significant
reductions at both 1 year and 3 years compared with base-
line (P <.001), consistent with progressive and sustained ven-
tricular reverse remodeling. Within-group temporal changes

in echocardiographic parameters for the surgical subgroups
(isolated AVNeo, AVNeo + CABG, AVNeo + MVR, ascending
aortic procedures) and between-group comparisons at cor-
responding follow-up time points are presented in Table 3.

Anticoagulation strategy: Routine anticoagulation was not
given after isolated AVNeo procedures. Patients without
other reasons for anticoagulation received 100 mg of aspirin

Table 3. Echocardiographic Parametersin the Preoperative and Postoperative Follow-up Periods According to Concomitant

Surgical Procedure Groups

P (Between P (Overtime)
Group 1 Group 2 Group 3 Group 4 Groups) Friedman G1
Variables Time Isolated AVNeo AVNeo+CABG AVNeo+MVR AVNeo+AAS Kruskal-Wallis /G2/G3/G4
Ejection  Preoperative 60.0 (60.0-65.0) 60.0 (60.0-65.0) 60.0(50.0-60.0) 60.0 (60.0-65.0) <.001* G1: <.001***
fraction G2:.024*
(%) G3:.201NS
G4:.002**
Predischarge 60.0 (60.0-60.0) 60.0 (55.0-60.0) 55.0(50.0-60.0) 60.0(55.0-60.0) .082
Ttyear 60.0 (60.0-60.0) 60.0(52.5-60.0) 58.0(50.0-60.0) 60.0 (60.0-65.0) <.001*
3dyear 60.0 (60.0-61.2) 60.0(60.0-65.0) 60.0(55.0-60.0) 60.0(60.0-60.0) .032*
Maximum Preoperative 73.0 (65.8-96.0) 74.0(54.0-90.0) 75.0(40.8-83.0) 65.5(26.0-76.2) .043* G1: <.001***
gradient  (Aortic stenosis) G2:.004**
(mm Hg) G3:.710 NS
G4:.005**
Predischarge 16.5(12.0-20.0) 17.0 (14.0-21.0) 10.5(10.0-21.0) 17.0 (12.0-20.0) .410
Ttyear 16.5(12.0-23.0) 13.0(11.2-18.5)  13.0(11.0-14.0) 12.0(10.0-18.0) 127
3dyear 17.0 (12.0-21.0)  19.5(16.5-23.2) 22.0(13.0-24.0) 12.0(9.0-14.8) .039*
Mean Preoperative 46.0 (41.0-58.0) 43.0(37.2-60.0) 48.0(36.8-55.8) 41.0(30.0-52.0) .053 G1: <.001***
gradient  (Aortic stenosis) G2:.670 NS
(mmHg) G3:.740NS
G4:.002**
Predischarge 11.0 (9.0-15.8) 9.0 (5.5-11.8) 5.0 (3.0-12.0) 8.0 (7.5-10.0) 122
Ttyear 10.0 (8.2-14.5) 8.5(6.5-10.2) 7.0 (4.0-8.0) 8.0 (5.0-11.0) .074
3dyear 8.5(5.0-13.0) 11.0 (10.2-14.8)  10.0 (6.0-14.0) 4.0 (4.0-10.5) 263

Data are presented as median (IQR). P (between groups): Kruskal—Wallis test. P (Over time): For each group, a separate Friedman non-parametric
2-way ANOVA (G1-G4) was performed. Post-hoc comparisons were conducted using the Wilcoxon signed-rank test with Bonferroni correction

(a=0.0083).

AAS, ascending aortic surgery; CABG, coronary artery bypass graft; MVR, mitral valve replacement; NS, not significant.

*P<.05,**P<.01, ***P <.001.
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daily for 1 month after surgery. One patient had an ischemic
stroke on postoperative day 7; no other thromboembolic
events were reported.

Early postoperative complications: Eight patients (3.1%)
required surgical re-exploration for bleeding in the early
postoperative period, including 2 who underwent isolated
AVNeo procedures. There were 3 in-hospital deaths: 1 from
low cardiac output syndrome on postoperative day 1 (com-
bined AVNeo and bioprosthetic MVR operation), 1 due to
mesenteric ischemia on day 3 (isolated AVNeo procedure),
and 1 from ischemic stroke on day 7 (isolated AVNeo proce-
dure). A permanent pacemaker was implanted in 1 patient
with severe annular calcification.

DISCUSSION

This study reinforces the AVNeo procedure as a safe, effec-
tive, and reproducible option for aortic valve reconstruction,
showing excellent mid-term clinical and echocardiographic
outcomes. The procedure's adaptability to minimally inva-
sive approaches and complex concomitant surgeries further
expands its applicability. The results are consistent with and
add to the growing evidence supporting the AVNeo tech-
nique as a valuable alternative to traditional prosthetic valve
replacement.

The cohort included the first consecutive 258 patients who
underwent the AVNeo procedure at the center over 6 years.
The average cardiopulmonary bypass and cross-clamp times
are consistent with previous reports, despite a significant
number of patients undergoing additional procedures such
as CABG, MVR, and ascending aortic surgery.”® Thisindicates
that the AVNeo technique can be safely incorporated into
complex cardiac surgeries without substantially increasing
operative time.

While most procedures were performed via median ster-
notomy, the use of minimally invasive approaches—includ-
ing right anterior thoracotomy and upper J sternotomy—in
selected cases without converting to full sternotomy or pros-
thetic valve replacement highlights the growing versatility
and safety of the AVNeo procedure. These findings comple-
ment recent literature showing the feasibility of minimally
invasive AVNeo surgery, which may reduce surgical trauma
and promote faster recovery." To the best of the knowl-
edge, this is the first report in the literature describing the
performance of the Ozaki procedure through aright anterior
thoracotomy using a direct vision approach.

Hemodynamic performance was excellent, with mean peak
pressure gradients remaining low and stable over a mean
follow-up of 36 months. Only a small subset of patients
exhibited mild AR, and the reoperation rate was low (0.38%).
Additionally, there was a gradual decrease in left ventricular
dimensions during the first postoperative year, which may
reflect favorable reverse remodeling following valve recon-
struction. These outcomes align with prior studies show-
ing durable valve function and favorable hemodynamics of
glutaraldehyde-treated autologous pericardial cusps.2™ The

Demirkiran et al. Mid-Term Outcomes of the Ozaki Procedure

low rate of significant regurgitation and reoperation indi-
cates good mid-term valve function.

Although aortic valve repair avoids the disadvantages of
prosthetic valves, it is still performed in a limited set of con-
ditions, mainly aortic insufficiency, and only by a few sur-
geons.”™ Bioprosthetic valves, which eliminate the need
for lifelong anticoagulation, have durability limitations,
whereas mechanical valves require lifelong anticoagulation
with associated risks. Additionally, neither type of prosthe-
sis can achieve hemodynamics as favorable as those of the
native aortic valve. In a healthy aortic valve, opening begins
with systolic dilation of the annulus, creating a maximal
effective orifice area thatreduces stress on the aortic cusps.
As aresult, even if the healthy native aortic valve has a small
annulus, it maintains a low gradient. Conversely, prosthetic
valves restrict annular motion throughout the cardiac cycle
because they are fixed with a rigid ring. The most signifi-
cant advantage of the AVNeo procedure is the preservation
of this dynamic function.™™ Additionally, full systolic open-
ing of each cusp in a reconstructed valve helps achieve the
maximum effective orifice area. It also maintains coordina-
tion between the left ventricle and the aortic root during the
cardiac cycle, leading to excellent hemodynamic results, as
shown in the study.

The incidence of calcific AS has increased approximately
fourfold over the past 3 decades, and aortic valve stenosis
is now the most common valvular pathology in developed
countries.”” Theincreasing prevalence of AS hasled to more
patients with small aortic annuli, requiring advanced surgi-
cal techniques such as annular enlargement or complete
root replacement to prevent patient-prosthesis mismatch.
These procedures pose risks, including perioperative mor-
tality, readmission, reoperation, and impacts on long-term
survival.®” The AVNeo procedure eliminates these risks
by maintaining native annular dynamics and offering bet-
ter hemodynamic performance without requiring annu-
lar enlargement or root replacement, especially in older
patients.

Durability in aortic valve repair largely depends on the
effective height between the free edges of the cusps and
their attachment points, which should be at least 8-9 mm.
In the AVNeo procedure, the free edges of the cusps are
raised to the level of the sinotubular junction, ensuring an
effective height of at least 10 mm.?° Also, glutaraldehyde-
treated autologous pericardium has superior mechanical
strength—4 times greater than non-calcified native valves
and 10 times greater than calcified valves—and shows a low
tendency for calcification.?’ Additionally, using autologous
tissue lowers the risk of infection by avoiding foreign mate-
rials. These factors together support the long-term durabil-
ity and function of the reconstructed valve. Furthermore,
autologous pericardium is easily accessible and cost-effec-
tive for all patients.

Valve-in-valve transcatheter aortic valve replacement (ViV
TAVR) offers a less invasive option than redo surgery for
high-risk patients with failing bioprosthetic valves, but it is
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limited by patient-prosthesis mismatch, elevated residual
gradients, and the risk of coronary obstruction.? Although
not part of this cohort, the AVNeo procedure's preservation
of native annular dynamics may support future transcath-
eter interventions without the limitations seen in ViV TAVR,
providing a clear advantage.?

Our study also highlights low thromboembolic complication
rates and the avoidance of routine anticoagulation in iso-
lated AVNeo cases, providing quality-of-life benefits over
mechanical prostheses, especially for younger patients.

The AVNeo technique is feasible and applicable to various
aortic valve pathologies, including AS, AR, and infective
endocarditis. It can also be adapted for bicuspid, unicuspid,
and quadricuspid morphologies.??*?> Additionally, it is com-
patible with root reimplantation procedures for annuloaor-
tic ectasia.”In this series, 36 patients underwent the AVNeo
procedure along with ascending aortic surgery, including
the Florida sleeve technique and supracoronary ascend-
ing aortic replacement. The previous study introduced a
novel combination of the Florida sleeve with AVNeo recon-
struction for patients with concomitant AVD and sinus of
Valsalva aneurysm.? This novel approach has been used for
the simultaneous treatment of sinus of Valsalva aneurysms
with aortic valve abnormalities, providing a comprehen-
sive surgical strategy that combines the benefits of both
procedures.

This study presents a large series of 258 patients undergoing
the AVNeo procedure at a single center. The sizable sample
and systematic follow-up enhance the reliability and gener-
alizability of the findings, providing one of the most compre-
hensive mid-term evaluations of this surgical technique to
date. By including not only the standard median sternotomy
but also minimally invasive approaches like right anterior
thoracotomy and upper J sternotomy, the study demon-
strates the versatility and adaptability of the AVNeo proce-
dureinreal-world clinical settings. Additionally, the inclusion
of patients undergoing complex combined surgeries (e.g.,
CABG, MVR, ascending aortic surgery) highlights the pro-
cedure's feasibility and safety in complex cardiac interven-
tions. This research adds to the growing global evidence
supporting the AVNeo procedure as a viable alternative to
traditional valve replacement.

CONCLUSION

The AVNeo procedureis asafe, effective, and feasible option
for aortic valve reconstruction, especially advantageous for
patients with small aortic roots or those seeking alternatives
to prosthetic valves. Its compatibility with minimally inva-
sive approaches and simultaneous surgeries broadens surgi-
cal choices, potentially enhancing recovery and minimizing
trauma. The low thromboembolic risk and the avoidance of
lifelong anticoagulation further increase its attractiveness,
particularly for younger patients. These promising mid-term
results justify further long-term and multicenter studies to
determine durability and compare its effectiveness with tra-
ditional valve replacement methods.
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Study Limitations

Although the study offers valuable mid-term clinical and
echocardiographic outcomes with an average follow-up
of about 36 months, longer-term data are needed. The
results are based on asingle-center cohort, which could limit
how widely the findings apply. Differences in surgical skills,
patient selection, and perioperative care across centers can
affect outcomes. Multi-center studies would help confirm
reproducibility and wider applicability. Without a random-
ized comparison to traditional prosthetic valve replace-
ment or other surgical methods, it's hard to definitively
determine superiority or equivalence. The study includes
relatively few patients with unicuspid, bicuspid, and quadri-
cuspid valve morphologies, as well as those undergoing mini-
mally invasive approaches, which may restrict conclusions
about these groups. Additionally, the influence of concomi-
tant procedures on long-term valve function needs further
investigation.
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