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BACKGROUND: We assessed the Ozaki procedure, aortic valve reconstruction using autologous pericardium, with respect to its
learning curve, hemodynamic performance, and durability compared with a stented bioprosthesis.

METHODS AND RESULTS: From January 2007 to January 2016, 776 patients underwent an Ozaki procedure at Toho University
Ohashi Medical Center. Learning curves, aortic regurgitation (AR), and peak gradient, assessed by serial echocardiograms,
valve rereplacement, and survival were investigated. Valve performance and durability were compared with 627 1:1 propensity-
matched patients receiving stented bovine pericardial valves implanted from 1982 to 2011 at Cleveland Clinic. Learning curves
were observed for aortic clamp and cardiopulmonary bypass times, AR prevalence, and early mortality. Decreased aortic
clamp time was observed over the first 300 cases. New surgeons performing parts of the procedure after case 400 resulted
in a slight increase in aortic clamp and cardiopulmonary bypass times. Among matched patients, the Ozaki cohort had
more AR than the PERIMOUNT cohort (severe AR at 1 and 6years, 0.58% and 3.6% versus 0.45% and 1.0%, respectively;
P[trend]=0.006), although with a steep learning curve. Peak gradient showed the opposite trend: 14 and 17 mmHg for Ozaki
and 24 and 28 mmHg for PERIMOUNT at these times (P[trend]<0.001). Freedom from rereplacement was similar (P=0.491).
Survival of the Ozaki cohort was 85% at 6 years.

CONCLUSIONS: Patients undergoing the Ozaki procedure had lower gradients but more recurrent AR than those receiving
PERIMOUNT bioprostheses. Although recurrent AR is concerning, results confirm low risk and good midterm performance of
the Ozaki procedure, supporting its continued use.
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patients wanting to avoid anticoagulation, a trend
bolstered by the possibility of treating eventual
structural valve deterioration (SVD) with valve-in-valve
transcatheter aortic valve replacement (TAVR). However,
despite advances in bioprosthesis design, hemodynamic
degradation and SVD persist. Patients are attracted by

Bioprosthetio valves are increasingly used in younger

repair and use of autologous tissue, but aortic valve re-
pair is realistic only for aortic regurgitation (AR).
Methods for reconstructing aortic valves using au-
tologous pericardium have been reported since 1964.!
In 1986, Love and Love? introduced pericardial tan-
ning with 0.6% glutaraldehyde to prevent retraction
and scarring. Using this technique, Al Halees and
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CLINICAL PERSPECTIVE
What Is New?

The Ozaki procedure is a new technique to
reconstruct the aortic valve introduced by
Shigeyuki Ozaki at Toho University Ohashi
Medical Center in 2007 using individual autolo-
gous pericardial cusps and reported by Ozaki
and colleagues in 2011.

e The aortic valve reconstructed using this tech-
nique results in a lower gradient but more aortic
regurgitation compared with a standard bio-
prosthetic valve.

e Risk of reoperation and survival were similar.

What Are the Clinical Implications?

e The Ozaki procedure adds another alternative
for aortic valve replacement.

e Anticoagulation is not required, which could
be an attractive alternative for younger patients
who want to avoid a mechanical valve.

e (Calcification and stenosis are rare, but there are
a few reports of successful transcatheter aortic
valve replacements after an Ozaki procedure.

Nonstandard Abbreviations and Acronyms

AR aortic regurgitation

CPB cardiopulmonary bypass

SVD structural valve deterioration

TAVR transcatheter aortic valve replacement

colleagues reported 16-year results in 2005, followed
by Chan and colleagues in 2011.% Both groups cut the
pericardium in the shape of 3 cusps and sutured it to
the anulus. However, they were unable to demonstrate
superiority over bovine pericardial prostheses, so this
technique was not widely adopted.® In 2011, Ozaki
and colleagues® described a new technique using a
standardized toolset with sizers and a template to cre-
ate 3 independent pericardial cusps. Midterm results
were promising.” This study aims to further assess
outcomes of the Ozaki procedure with respect to its
learning curve, and to compare valve hemodynamic
performance and midterm durability with those of a
well-characterized, widely used stented bovine peri-
cardial bioprosthesis.

METHODS

The method of the analysis will be made available from
the corresponding author on request.
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Study Population

From April 2007 to January 2016, 776 adults under-
went consecutive Ozaki procedures at Toho University
Ohashi Medical Center.” During the study time frame,
<10 prosthetic valve implants were performed at Toho
University. Use of these data in research was approved
by the Toho University Institutional Review Board (No.
H16063; approved December 16, 2016), with patient
consent waived. Data were provided for analysis by
Shigeyuki Ozaki under a data use agreement with
Cleveland Clinic. Seventy-four procedures, performed
by Professor Ozaki at other hospitals with which we
had no data use agreement, were not included, but
were included in a 2018 article.’

A subgroup of 412 isolated Ozaki procedures was
used to study complexity of the procedure by learning
curve analysis of aortic clamp and cardiopulmonary
bypass (CPB) times, valve performance, and mortal-
ity, because these metrics are confounded by con-
comitant procedures. The entire cohort was used for
longitudinal post-Ozaki hemodynamic performance,
as was valve explant and endocarditis. Propensity-
matched pairs (627 pairs) of Ozaki procedures were
used to compare valve hemodynamics and valve ex-
plant, with 12569 patients undergoing aortic valve
replacement with a stented bovine pericardial biopros-
thesis (PERIMOUNT; Edwards Lifesciences, Irvine, CA)
at Cleveland Clinic from June 1982 to January 2011
(Figure 1).8

Variables corresponding to those in the Ozaki
data set were retrieved from Cleveland Clinic’'s
Cardiovascular Information Registry. Use of these data
for research was approved by the Clinic’s Institutional
Review Board (No. 17-781; approved April 20, 2017),
with patient consent waived.

Ozaki Procedure
All procedures were performed using autologous
pericardium. Briefly, a large piece of pericardium is
harvested, and redundant tissue and fat are carefully
removed.® The excised pericardium is stretched on a
metal plate and treated with a 0.6% glutaraldehyde so-
lution, then rinsed in normal saline for 6 minutes x3.
After commencing CPB and achieving cardiople-
gic arrest, diseased valve cusps are excised and an-
ular calcification is removed. Size of the new cusps is
determined by the intercommissural distance, mea-
sured using Ozaki sizers (Tokyo Research Center
for Advanced Surgical Technology Co, Ltd, Tokyo,
Japan). Three cusps are cut from the treated pericar-
dium using a template designed to create generous
coaptation and appropriate shape. With the smooth
surface of the pericardium facing the ventricle, cusps
are individually sutured to the anulus with 4-0 mono-
filament running suture. (With the rough surface facing
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Ozaki Procedure
4/2007 — 1/2016
N=776

PERIMOUNT AVR
6/1982 — 1/2011
N=12,569

Isolated Ozaki Procedure

N=412
Learning Curve Analyses

Ozaki Procedure*

N=769
Longitudinal Analyses

*7 patients did not have
postoperative echo data on AV
regurgitation and AV peak gradient

Propensity Matching

! !

Ozaki Procedure
N=627

PERIMOUNT AVR
N=627

Figure 1. Consolidated Standards of Reporting Trials-style diagram of study cohort.
AV indicates aortic valve; AVR, AV replacement; and echo, echocardiographic.

the ventricle, postoperative thrombocytopenia was ob-
served, prompting reversal) Patients undergoing the
Ozaki procedure are prescribed aspirin for 6 months
after discharge.

Technical modifications made by Professor Ozaki
over the study period included adding a 5-mm “wing”
extension of the pericardial cusps for commissural fix-
ation beginning at case 291, and equal tricuspidization
with implantation of 3 equal-sized cusps, adjusting the
position of commissures as needed in patients with bi-
cuspid and unicuspid valves beginning at case 513.
This was done to mitigate the risk of uneven movement
of cusps and to potentially decrease the risk of endo-
carditis” (Video S$1).

End Points

End points for complexity-related learning curves were
aortic clamp and CPB times, valve performance, and
mortality. Valve hemodynamic metrics were longitudi-
nal peak gradient and AR grade by transthoracic echo-
cardiography. Valve durability was assessed by aortic
valve rereplacement and its indications. Mortality was
assessed according to time-varying change in the haz-
ard function.

Echocardiographic Follow-Up

Ozaki Cohort
Echocardiograms were performed at 1 week, 1 month,
and every 6 months thereafter, yielding 6060 echo-
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cardiogram records for 769 patients (99% of study co-
hort), censored at aortic valve rereplacement. More than
75% of patients had echocardiographic follow-up at
>1 year, and 9% had follow-up at >6 years (Figure S1A).

Matched PERIMOUNT Cohort

Echocardiograms were performed routinely before hos-
pital discharge and at the discretion of referring physi-
cians during follow-up, yielding 1392 echocardiogram
records for 562 patients routinely followed at Cleveland
Clinic (84% of matched PERIMOUNT cohort). More than
30% of patients had echocardiographic follow-up at
>1 year, and 12% had follow-up at >6 years (Figure S1B).

Clinical Events Follow-Up

Ozaki Cohort

Follow-up was performed by hospital visit every
6months or by telephone contact. If unreachable, pa-
tients were classified as lost to follow-up. Of the Ozaki
cohort, 50% were followed up for >3.5years, 25% were
followed up for >5.3years, and 10% were followed up
for >6.4 years, with 2755 patient-years of data available
for analysis.

Matched PERIMOUNT Cohort

Patients received a mailed questionnaire or telephone
call at 2 years, 5 years, and every 5 years thereafter. Of
the matched PERIMOUNT cohort, 50% were followed
up for >4.3 years, 25% were followed for >7.5 years,
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and 10% were followed for >11 years, with 3124 patient-
years of data available for analysis.

Statistical Analysis

Analyses were performed using SAS v9.2 (SAS Institute,
Cary, NC). Continuous variables are summarized as
mean+SD or as median (15th—85th percentiles), con-
sistent with the SD, if distribution of values is skewed.

Learning-Curve Analyses

Among isolated Ozaki procedures, learmning curves for
aortic clamp and CPB times (n=379 available values)
were constructed with each patient’s sequence number
within the entire series of 776 patients entered as the sole
independent variable. Learning curves were estimated
using locally weighted scatterplot smoothing (loess) esti-
mation. Mean estimates and Cls for each patient number
were obtained by fitting linear regression models to local-
ized subsets of the data around the selected sequence
number. Smoothness was determined by window width.

Additional aspects of learning included analysis of
postprocedure peak gradient and AR grade by non-
parametric regression modeling, and time-related
mortality by multiphase hazard modeling.

Echocardiographic Analysis

Temporal trends of postoperative ordinal AR grade were
estimated using a nonlinear multiphase mixed-effects
cumulative logistic regression model.® Estimated
prevalence of each grade was obtained by averag-
ing patient-specific model profiles. Temporal trend of
continuous peak transvalvular gradient was estimated
using a nonlinear multiphase mixed-effects regression
model.’® To account for correlation among repeated
echocardiographic measurements, the patient iden-
tifier was included as a random effect. Shaping and
scaling parameters of the follow-up time function were
fixed effects. Uncertainty of estimates is expressed by
bootstrap confidence bands equivalent to +1 SE (68%).

Time-to-Event Analysis

Aortic valve rereplacement and mortality probabilities
were estimated nonparametrically by the Kaplan-Meier
method and parametrically by a multiphase hazard
model."

Comparison of Ozaki Procedure and
PERIMOUNT Implant Results

Propensity-score 1:1 matching was used to find
equivalent cohorts for comparing outcomes of Ozaki
and PERIMOUNT cohorts. Thirteen preoperative vari-
ables were included in the propensity model, including
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demographics, valve pathology, and renal function
(Data S1). Some variables had sporadic missing values,
which were imputed using 5-fold multiple imputation by
chained equations. Then, using multivariable logistic re-
gression, we created a saturated model (C=0.89) that
was replicated for each imputed data set. A propensity
score was next calculated for each patient by solving
each of the 5 models for the probability of being in the
Ozaki cohort and averaging them.'? Then, using the logit
of the propensity score, Ozaki cases were matched to
PERIMOUNT cases using greedy matching' and a cal-
iper width of 0.2 times the SD of the logit of the propen-
sity score." This yielded 627 patient pairs (Table 1). Bias
reduction between the groups before and after propen-
sity matching was assessed using standardized mean
difference (Figure S2). A standardized mean difference
<10% was interpreted as acceptable matching.

To account for possible correlation between
matched pairs, longitudinal and time-to-event models
incorporated matched pairs as a random effect, the
former with patient nested within a matched pair.

To estimate intrinsic risk of valve rereplacement in
the absence of mortality, a competing-risks analysis
was performed by considering the mutually exclusive
outcomes of rereplacement and death before rere-
placement. Conditional probability for rereplacement,
assuming mortality was eliminated, was estimated by
the nonparametric product-limit method, with variance
based on the Greenwood formula; and parametrically
by integrating the independent, simultaneously opera-
tive transition rates (hazard functions) from living patients
into rereplacement or death before rereplacement.’

RESULTS

Ozaki Procedure
Learning Curves (Isolated Cohort)

Aortic clamp time for isolated Ozaki procedures de-
creased from >2 hours to about 105 minutes by the
300th case (Figure 2A). CPB time mirrored this (Figure
S3). Case numbers 400 to 600 showed an increase
in aortic clamp and CPB times, coinciding with 3 sur-
geons at Toho University starting to perform the proce-
dure under Professor Ozaki’s supervision.

Severe AR at 5years sharply declined to case 300
(Figure 2B). An elevated early phase for risk of mortality
rapidly decreased within the first 50 cases (Figure S4).
There was no evidence of a learning curve for peak
pressure gradient (Figure S5).

Valve Hemodynamic Performance

Following the Ozaki procedure, 16 patients developed se-
vere AR, 9 from endocarditis, 1 from early suture break, 5
from sinus dilatation causing central regurgitation, and 1
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from cusp thickening. Severe AR increased from 0.60%
at 1year to 4.9% at 6 years (Figure 3A). However, there
was a steep learning curve, with prevalence of severe AR
at byears leveling at <0.5% after 200 cases; some new
cases of severe AR at 1year occurred after procedures
performed by new surgeons between cases 400 and
700 (Figure 2B). Peak aortic gradient averaged 14 and
17mmHg at 1 and 6years, respectively (Figure 3B). There
was slightly greater aortic regurgitation (P=0.141), but
lower peak gradient (P=0.002), after replacement of bi-
cuspid compared with tricuspid aortic valves (Figure S6).

Aortic Valve Rereplacement and Infectious
Endocarditis

During follow-up, 14 rereplacements occurred, 13
for infective endocarditis and 1 for broken sutures.
Actuarially, occurrence of aortic valve rereplacement
was 0.5% at 1year and 3.2% at Byears (Figure S7).
Conditional probability of reoperation adjusted for the
competing risk of death was 0.38% at 1year and 3.3%
at 6years (Figure S8). There was no learning curve for
occurrence of endocarditis (P=0.824), and only 1 case
of infectious endocarditis was observed after introduc-
tion of equal tricuspidization.

Mortality

Time-related mortality exhibited both an early high-risk
phase and a nearly constant risk after about 1.5years of
1.6%/year (Figure S9, inset). Survival was 99% at 30days,
92% at 1year, and 85% at 6years (Figure S9). Six-year sur-
vival after isolated Ozaki procedures (88%) was greater than
after combined procedures (81%; P=0.008; Figure S10).

Ozaki Procedure Versus Matched
PERIMOUNT Implant Outcomes

Hemodynamic Performance

In contrast with the steady increase in severe AR across
follow-up time after the Ozaki procedure (0.58% and
3.6% at 1 and 6years, respectively, among matched
patients undergoing the Ozaki procedure), in the
propensity-matched PERIMOUNT cohort, severe AR
was 0.45% and 1.0% at 1 and 6years, respectively (P
for difference in trends=0.006; Figure 4A). Peak aortic
valve gradient was lower after the Ozaki procedure (14
and 17mmHg at 1 and 6years, respectively) than after
PERIMOUNT valve replacement (24 and 28 mmHg at
1 and Byears, respectively) (P for difference in trends
<0.001; Figure 4B).

Aortic Valve Rereplacement and Endocarditis

Aortic valve rereplacement at 6years was similar for
matched Ozaki (2.4% occurrence) and PERIMOUNT
(2.4% occurrence) cohorts (P=0.491; Figure 5). The
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Figure 2. Isolated Ozaki procedure learning curves.

Numbers on horizontal axis are sequence number of patients undergoing a primary isolated procedure. Solid lines represent a
nonparametric or parametric estimate of the learning curve. Black arrows point to when new surgeons became involved. A, Aortic
clamp time. Symbols represent data within groups of 32 patients. Gray shaded area is a 68% confidence band equivalent to +1 SE. B,
Prevalence of severe aortic valve (AV) regurgitation at 1 month (green), 1year (blue), and 5years (red). Symbols represent data within
groups of patients to provide crude verification of model fit. Note steep decrease in intermediate-term (5-year) severe AV regurgitation.

predominant indication for rereplacement after the
Ozaki procedure was infective endocarditis (13 of 14),
similar to 9 of 13 PERIMOUNT valves rereplaced for
endocarditis in the midterm (P=0.741).

DISCUSSION

Principal Findings

The Ozaki procedure is complex! We addressed com-
plexity by examining learning curves for the originator
of the procedure, Shigeyuki Ozaki, with his own institu-
tional experience. Using aortic clamp and CPB times,

valve performance, and early mortality as surrogate
quantitative metrics for complexity in isolated proce-
dures, the Ozaki procedure exhibited learning curves
for these. AR risk is greater than with the PERIMOUNT
bioprosthesis, but has a steep learning curve; peak
transvalvular gradient is lower than with a PERIMOUNT
bioprosthesis; and risk of valve rereplacement is similar
through intermediate-term follow-up.

Findings in Context

Since the first report in 2011,° an increasing number
of centers in Asia, Europe, and the United States have
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Figure 3. Aortic regurgitation (AR) and peak gradient after an Ozaki procedure in the entire cohort.

Symbols represent raw data (without regard to repeated measurements) within time frames to provide a crude verification of model
fit. A, Longitudinal trend of each AR grade. Solid lines represent parametric measurements of percentage of patients in each grade
postoperatively. B, Peak aortic gradient. Solid line represents parametric estimate of ensemble average of peak gradient after
procedure. Dashed lines are a 68% confidence band equivalent to +1 SE. Preop indicates preoperative.
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20

Ozaki

PERIMOUNT

Severe Aortic Regurgitation (%)

Years after Surgery

PERIMOUNI

Peak Gradient (mmHg)

Years after Surgery

Figure 4. Comparison of aortic regurgitation (AR) and peak gradient.

Solid lines represent parametric estimates enclosed within a 68% confidence band equivalent to +1 SE. Symbols represent raw
data (without regard to repeated measurements) within time frames to provide a crude verification of model fit. A, Temporal trend of
prevalence of severe postoperative AR after aortic valve replacement in Ozaki vs PERIMOUNT matched cohorts. See Figure S1 for
number of patients at risk and number of observations across time. B, Longitudinal trend of aortic valve peak gradient after valve
replacement in the Ozaki and PERIMOUNT propensity-matched cohorts. Preoperative gradient is not shown.

enthusiastically adopted the Ozaki procedure.'®2°
A limitation of these reports is lack of a compari-
son group to provide context. The natural compara-
tor is a standard, widely used bioprosthesis: The
PERIMOUNT 2700 stented bovine pericardial biopros-
thesis, although now off the market, is the most used
and characterized bioprosthesis worldwide. There is
no evidence that its structural properties and hemo-
dynamics have changed since the premarket cohort of

the early 1980s. Cleveland Clinic has the largest expe-
rience with this bioprosthesis.?

Aortic Regurgitation

Compared with the PERIMOUNT cohort, which had
minimal AR, the Ozaki cohort experienced more AR.
Although the 5-year risk of severe AR rapidly de-
creased over the first 300 cases, the Ozaki procedure

10

AV Re — Replacement (%)

PERIMOUNT

Ozaki 627 537
PERIMOUNT 627 518

Years after Surgery

366 194 92
399 277 218

Figure 5. Aortic valve (AV) rereplacement after Ozaki procedure and PERIMOUNT
bioprosthesis implant in propensity-matched cohorts.

Each symbolis a rereplacement, with Kaplan-Meier estimates and 68% confidence bars. Numbers
below horizontal axis are patients remaining at risk.
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was modified twice to address possible causes of
AR. A 5-mm “wing” extension was added to improve
commissure fixation. Equal tricuspidization was also
introduced to reduce AR, but longer-term follow-up is
needed to confirm the effectiveness and durability of
these modifications. AR after an Ozaki procedure was
higher after bicuspid than tricuspid valve repair, and
the bump in AR at 1year (Figure 2B) coincides with
initiation of equal tricuspidization for bicuspid valves,
suggesting that moving the commissures by tricus-
pidization adds to surgical complexity, adding another
learning experience.

Larger Orifice Area With Low Gradient
We demonstrate lower peak valve gradient after the
Ozaki procedure compared with the PERIMOUNT bio-
prosthesis, which may translate into slower develop-
ment of SVD.8

The effective orifice area of stented bioprostheses
is limited by the rigid frame, which also inhibits normal
aortic anulus motion.?" The Ozaki procedure recon-
structs the cusps with 3 individually tailored pieces of
pericardium, preserving normal anulus size and motion
as well as increasing systolic-phase effective orifice
area.?? Rosseykin and colleagues®® compared imme-
diate postoperative echocardiographic findings of 20
patients who underwent the Ozaki procedure with
those of patients undergoing aortic valve replacement
with the Hancock Il (h=41) and PERIMOUNT valves
(n=835), reporting lower gradients and larger effective
orifice area index with the Ozaki procedure (P<0.001).

In 57 patients with aortic stenosis and small anulus (av-
erage, 20+2.5mm?) who underwent an Ozaki procedure,
postoperative effective orifice area index was 1.2+0.4 cm?/
m?.'® Ozaki and colleagues® reported an average anular
diameter of 20+2.5mm in 86 Japanese patients aged
>80years who underwent the Ozaki procedure. Three
died in hospital, and 56-month survival was 87%, com-
parable to survival in octogenarians undergoing surgical
or transcatheter aortic valve replacement.?>?® Average
peak gradient was 15mmHg at 3.5years, demonstrating
excellent hemodynamic results in patients with a small
aortic anulus. Johnston and colleagues® showed that a
higher gradient across PERIMOUNT valves was associ-
ated with higher probability of valve explant.

Structural Valve Deterioration and
Endocarditis

We demonstrate at midterm follow-up valve rereplace-
ment comparable to matched PERIMOUNT biopros-
theses. In the Ozaki cohort, other than 1 patient whose
suture broke, there were no replacements for SVD. In the
PERIMOUNT cohort, risk of rereplacement for SVD in-
creased slightly after 5years,® whereas risk of rereplace-
ment remained stable in the matched Ozaki cohort.
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Patients who underwent the Ozaki procedure did
not have a lower risk of endocarditis than observed in
patients who underwent the PERIMOUNT procedure,
with endocarditis being the primary indication for rere-
placement. Johnston and colleagues® reported a cu-
mulative occurrence of rereplacement for endocarditis
after aortic valve replacement of only 1.4% at 20years;
some report higher occurrences.?”

Avoiding foreign material in the Ozaki procedure was
anticipated to protect against endocarditis, but it did
not. Previous reports of using glutaraldehyde-treated
autologous pericardium have raised similar concerns.
Chan and colleagues* reported a 27% occurrence
of endocarditis at 7.5years, with endocarditis the in-
dication for surgery in 2 patients, and Al Halees and
colleagues?® reported that 11% of patients developed
endocarditis within 16years that occurred between 1
and 163 months after surgery. They had a comparable
bovine pericardium group with similar baseline charac-
teristics who underwent aortic valve replacement with
less postoperative endocarditis. Until proven otherwise,
endocarditis may be inherent in the use of autologous
pericardium, suggesting that endocarditis prophylaxis
should be given after an Ozaki procedure. Until 2012,
Professor Ozaki used the raphe as a commissure for
bicuspid valves, accepting unequal size cusps. Driven
by concerns about AR and endocarditis, since 2012,
equal tricuspidization, creating “new commissures,”
has been performed, resulting in more symmetrical
movements of the 3 cusps.” Equal tricuspidization is
technically more demanding and increases CPB time,
but only 1 case of endocarditis occurred after its in-
troduction. This suggests that cusp design and func-
tion could play a role in risk of endocarditis. However,
changes in perioperative management, patient selec-
tion, and awareness of the need for standard antibiotic
prophylaxis similar to that for prosthetic valves may
also have been factors.

Mortality

The increased risk of mortality early in the Ozaki co-
hort reflects complexity of this operation, which initially
required aortic clamp times exceeding 2hours. A 30-
day mortality of 1% is comparable to recently reported
outcomes for aortic valve replacement.?

Clinical Implications and Barriers to
Widespread Use of the Ozaki Procedure
We demonstrate at midterm follow-up valve rereplace-
ment comparable to matched PERIMOUNT biopros-
theses. The Ozaki procedure may have a particular and
important niche in younger patients with unrepairable
valves who on the one hand do not want to be saddled
for life with anticoagulation and on the other hand are
concerned about accelerated prosthesis deterioration.



Unai et al

Despite excellent midterm results, the Ozaki pro-
cedure is not widely used given its technical com-
plexity and perceived unsuitability for valve-in-valve
TAVR attributable to large high cusps that increase
risk of coronary occlusion. However, there is a re-
port of successful TAVR after Ozaki procedures
using newer-generation TAVR systems.?° Cusp lac-
eration, as in the BASILICA (Bioprosthetic or Native
Aortic Scallop Intentional Laceration to Prevent
latrogenic Coronary Artery Obstruction during
TAVR) trial, should enable valve-in-valve TAVR in
most cases.®® Another obstacle is that the Ozaki
procedure has been performed through a full ster-
notomy. However, Nguyen and colleagues®' report
9 Ozaki procedures performed with a less invasive
approach using thoracic endoscopy to harvest the
pericardium during CPB.

Limitations

The “learning curve” analyses are confounded by mod-
ifications of the Ozaki procedure over time and intro-
duction of surgeons who performed it under Professor
Ozaki’s supervision. However, these changes oc-
curred after the learning curves plateaued. In addition,
we do not know where in the sequence of operations
the 74 Ozaki procedures done at other institutions fit.

Intermediate-term follow-up is too short to identify
rate of SVD and thus durability of the Ozaki proce-
dure. However, follow-up is informative of early de-
terioration of performance, such as the AR noted in
this report. We recognize that using valve explant as
a surrogate for SVD is subject to biases like surgeons
being reluctant to replace a valve in older, frail patients.
Longitudinal study of valve regurgitation and stenosis,
as in this study, is more reflective of valve deterioration.

The most commonly reported competing-risk esti-
mate of valve rereplacement after the Ozaki procedure,
cumulative incidence, could be confounded by inher-
ent differences in Japanese survival compared with
other parts of the world. This was mitigated by use of a
different competing-risk metric, conditional probability,
which is intended to remove the influence of death on
explant estimates.'®

Follow-up echocardiograms for hemodynamic
valve performance in patients having undergone
an Ozaki procedure were done on a regular basis;
most follow-up echocardiograms for patients with a
PERIMOUNT bioprosthesis were obtained from a sub-
group of patients followed routinely at Cleveland Clinic,
which may not be representative.

This is an observational study that in part compares
data obtained from 2 institutions in different parts of the
world. Inherent differences between Japanese and US
patients and differences in health care systems may have
influenced the results. However, this study is primarily
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about aortic valve performance. Performance of the
PERIMOUNT bioprosthesis has been well characterized
over the past 40years. A consistent finding has been
a strong association between age at implant and SVD,
which we have accounted for by propensity matching,
despite the small number of other factors available for
developing the propensity score. Furthermore, there
was no evidence that PERIMOUNT hemodynamics have
drifted over time, making us confident that the temporal
disparity of these between the Ozaki and PERIMOUNT
propensity-matched experiences is not heavily biased.
There is also no evidence that the PERIMOUNT bio-
prosthesis behaves differently in the Japanese popula-
tion; to the contrary, the Japanese experience is similar
to the US experience.?33

CONCLUSIONS

Intermediate-term outcomes of the Ozaki procedure
are promising and comparable to those of a well-
studied stented bioprosthetic valve. These results con-
firm the effectiveness and relative safety of the Ozaki
procedure, even accounting for an important learning
curve. Although midterm follow-up cannot address all
aspects of bioprosthesis durability, this study demon-
strates absence of a signal for early valve failure, as
has been seen with bioprostheses such as the Trifecta
and Mitroflow aortic bioprostheses before that.343%
Recurrent AR and risk of endocarditis remain valid
concerns. Larger, multi-institutional studies with longer
follow-up are needed to determine optimal patient se-
lection and to better define the role of the Ozaki proce-
dure in aortic valve treatment algorithms, particularly in
younger patients. Further modifications of the proce-
dure can be anticipated.
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Data S1.

Variables Included in the Propensity Model

Demographics: Age (y), female, body mass index (kg/m?)

Valve pathology: Aortic valve regurgitation; bicuspid aortic valve; aortic valve peak
gradient (mmHg); indication for surgery: aortic regurgitation, aortic

stenosis, mixed regurgitation—stenosis; endocarditis

Renal function: Creatinine (mg/dL), history of dialysis
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Figure S1. Number of echocardiograms and number of patients with echocardiograms

across follow-up time after Ozaki procedure and PERIMOUNT bioprosthesis implant.
A, Ozaki procedure. B, PERIMOUNT bioprosthesis implant.
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Figure S2. Quality of balancing score matching of Ozaki and PERIMOUNT patients.

A, Mirrored histogram of distribution of propensity scores for Ozaki and PERIMOUNT cohorts
before and after 1:1 propensity matching. Shaded areas indicate matched patient pairs, showing
that they cover the complete spectrum of cases. B, Standardized differences before and after
matching for all variables available and included in propensity model. Vertical dashed lines at
-10% and +10% indicate boundaries of desirable matching. Purple triangles represent
standardized differences before propensity score—based matching, with positive values indicating
variables more common in the Ozaki group and negative values indicating variables more
common in the PERIMOUNT group. Green squares represent values after matching. Key: AR,
aortic regurgitation; A4S, aortic stenosis; 4V, aortic valve; BMI, body mass index; STD,

standardized.
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Figure S3. Ozaki procedure learning curve for cardiopulmonary bypass (CPB) time.

Numbers on horizontal axis are sequence numbers of patients undergoing a primary isolated

procedure. Black arrow points to when new surgeons became involved. Format as in Figure 2A.
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sequence numbers of patients undergoing a primary isolated procedure. Solid line represents a
parametric estimate of the learning curve. Black arrow points to when new surgeons became

involved. One-year mortality is based on parametric mortality analysis shown in Figure S9.

Dashed lines are a 68% confidence band equivalent to +1 standard error.
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Figure S5. Ozaki procedure learning curve for aortic valve (AV) peak gradient at 1 month
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of patients undergoing a primary isolated procedure. Black arrow points to when new surgeons
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about 1 mmHg. Format as in Figure 2B.
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Figure S7. Aortic valve re-replacement after Ozaki procedure in the entire cohort. Symbols
are Kaplan-Meier estimates with 68% confidence bars. Solid lines represent parametric estimates
enclosed within a 68% confidence band equivalent to 1 standard error. Numbers below

horizontal axis are patients remaining at risk. Inset is instantaneous risk of re-replacement

enclosed within a 68% confidence band.
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Figure S8. Conditional probability of aortic valve (AV) re-replacement after the Ozaki
procedure (entire cohort), accounting for mortality as a competing risk. Solid line is

parametric estimate, and symbols are nonparametric estimates with 68% confidence bars.
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Figure S9. Survival after Ozaki procedure in the entire cohort. Numbers below horizontal

axis are patients remaining at risk. Inset is instantaneous risk of death, demonstrating high

postoperative risk merging with a low, nearly constant risk after about 1.5 years. Format as in

Figure S7.
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Figure S10. Survival after Ozaki procedure stratified by isolated versus combined

procedures. Symbols are Kaplan-Meier estimates with 68% confidence bars.



Video S1. Intraoperative echocardiogram and surgical video showing the main steps of the

operation performed by Professor Ozaki. Best viewed with Windows Media Player.
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