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Abstract 
Background: Aortic neo-cuspidization (AVNeo) procedure has been adopted 
by limited centers with the publication of the mid-long term successful re-
sults. The aim of this study was to present initial experience of the AVNeo pro-
cedure of a single center. Methods: The medical records of 24 patients who 
underwent AVNeo with or without concomitant cardiac surgery between 
February 2019 and February 2021 at our tertiary hospital were scanned re-
trospectively. Results: The mean age of patients was aged 58.21 ± 13.14 years 
and 16 (66.7%) of them were men. 16 patients were operated on for aortic ste-
nosis (66.67%). Morphology of the aortic valve was tricuspid in 21 (87.5%) 
and bicuspid in 3 (12.5%) of the patients. Additional cardicac surgery was per-
formed in 13 (54.17%) patients. No patients needed reoperation for bleeding, 
pacemaker implantations, conversion to classical prosthetic aortic valve re-
placement, or infective endocarditis. Two patients died due to non-cardiac rea-
sons. Preoperative peak and mean aortic valve pressures improved signifi-
cantly at 1st and 6th months (Preop: 89.06 ± 21.88 mmHg and 56.38 ± 15.09 
mmHg 1st month: 22.00 ± 3.93 mmHg and 8.73 ± 2.60 mmHg, 6th month: 18.13 
± 3.02 mmHg and 6.93 ± 1.83 mmHg). Conclusion: In conclusion, the AV-
Neo procedure is a feasible technique for aortic valve pathologies, with the ad-
vantages of avoiding anticoagulants and the applicability of concomitant sur-
gical procedures. Although this procedure requires meticulous experience, re-
sults similar to the available published literature can be obtained and repro-
ducible even during learning curve when technical steps are strictly followed. 
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1. Introduction 

Aortic valve replacement (AVR) with mechanical or bioprosthetic valves is still a 
standart approach for aortic valve diseases. Despite the durability, due to the 
need for long-term anticoagulation, morbidity and mortality such as bleeding 
and thromboembolic events reduce the desire of surgeons to use mechanical 
valves. For aortic valve disease, bioprosthetic valves are increasingly being used 
in elderly patients for replacement. However, despite advances in the design 
and construction of prosthetic valves, hemodynamic performance cannot yet be 
compared to that of natural aortic valves. Aortic valve repair is performed in-
frequently only by some experienced centers for only a selected group of aortic 
valve disease patients due to technical difficulties and durability of applied tech-
niques. Thus, aortic valve neocuspidization (AVNeo) has emerged as another 
option that can be applied to a wide spectrum of aortic pathologies. Aortic valve 
reconstruction with a glutaraldehyde-treated autologous pericardium in patients 
with aortic valve disease was proposed and started by Duran et al. in 1995 [1]. 
Since then, different techniques have been reported. In 2011, Ozaki et al. pub-
lished their first case series of aortic valve neocuspidisation for aortic valve dis-
ease with glutaraldehyde-treated autologous pericardium in 88 patients between 
April 2007 and August 2009 [2]. One of the main advantages of this method, the 
natural aortic root expansion in systole with maximal effective orifice area was 
achieved when compared with aortic valve replacement. AVNeo procedure has 
been adopted by limited centers with the publication of the mid-long term suc-
cessful results. In our department, we started performing the Ozaki procedure 
for patients with aortic valve disease in February 2019. The aim of our study was 
to present short and mid-term results of the Ozaki procedure. 

2. Methods 
2.1. Study Design 

24 patients who underwent AVNeo with or without concomitant cardiac surgery 
between February 2019 and February 2021 in the cardiac surgery department of 
our university hospital were included in this study. Patient’s medical records 
were prospectively gathered and retrospectively analyzed from the electronic 
database of our hospital. The study protocol was approved by the local ethics 
committee (date: January 28, 2021; no. 2021/45). The study was conducted in 
accordance with the principles of the Declaration of Helsinki. In the current 
study, patients’ preoperative clinical features, operative data (including aortic 
cusps sizes) and postoperative echocardiographic results were recorded.  

2.2. Surgical Technique 

This technique is routinely performed with median sternotomy incision with 
standardized aorto-caval/bicaval cannulation. Briefly, pericardial patches should 
be taken with care and treated with glutaraldehyde solutions. After resection of 
aortic cusps, the new pericardial aortic cusps are sewn into aortic annulus ac-
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cording to measurement of each aortic cusp. This sizing is crucial for procedural 
success. After sewing these three cusps, aortotomy incision was closed as usual, 
and the operation was completed with standardized techniques. Surgical steps of 
this technique for cuspis preparation and implantation have been explained in 
detail in previous articles [2] [3] [4] [5] [6]. 

2.3. Statistics 

Statistical analysis was performed using the SPSS for Windows version 15.0 (SPSS 
Inc., Chicago, IL, USA). Continuous variables are expressed as mean ± standard 
deviation (SD) and categorical variables as numbers (n) and percentages (%). 
Friedman tests were conducted to test whether there is a significant change in 
the peak and mean aortic valve pressure, due to violations of parametric test as-
sumptions (non-normal distribution and low number of cases). The Wilcoxon 
tests were performed to test the significance of pairwise differences using Bon-
ferroni correction to adjust for multiple comparisons.   

3. Results 
3.1. Preoperative Characteristics  

The mean age of patients was 58.21 ± 13.14 (min - max: 24 - 79) years and 16 
(66.7%) of them were male. The mean body surface area of the patients was 28.3 
± 3.7 kg/m2. The distribution of the comorbidities was as follows: Coronary ar-
tery disease in 3 (12.5%), hypertension in 5 (20.8%), diabetes in 8 (33.3%) and 
COPD in 4 (16.7%) of the patients. Preoperative characteristics of each patient 
are listed in Table 1. Preoperative echocardiographic measurements of the pa-
tients revealed the mean left ventricular ejection fraction of 59% ± 7.2% and 
mean aortic annulus diameter of 23.1 ± 2.8 mm. 13 (54.17%) patients needed 
concomitant cardiac procedures. 16 (66.67%) patients presented with aortic ste-
nosis (AS). Preoperative echocardiography showed an average peak and mean 
aortic valve pressures as 89.06 ± 21.88 mmHg and 56.38 ± 15.09 mmHg, respec-
tively. Morphology of the aortic valve was tricuspid in 21 (87.5%) and bicuspid 
was in 3 (12.5%) of the patients. The mean Society of Thoracic Surgeons score 
and logistic Euroscore were 1.16 ± 1 (0.33 - 3.92) and 4.41 ± 4.92 (0.46 - 17.05), 
respectively.  

3.2. Operative Data 

Patient’s operative data and aortic cusps sizes were presented in Table 1. Con-
comitant procedures included 5 mitral valve replacements, 1 mitral valve repair, 
3 coronary artery bypass surgeries, 3 ascending aortic replacements, 1 left atrial 
appendage internal plication and 1 pulmonary valve replacement operation. 
Aortic cups sizes were presented in Table 1. Mean aortic cross-clamping (ACC) 
time was 118.1 ± 33.2 (min - max: 67 - 173) minutes and total cardiopulmoner 
bypass (CPB) time was 162 ± 45.7 (min - max: 97 - 245) minutes. For isolated aortic 
valve pathologies, mean ACC time and CPB time were 93.3 ± 18.2 (min - max:  
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Table 1. Patients baseline characteristics, operative data and postoperative results. 
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67 - 123) minutes and 130.3 ± 31.6 (min - max: 97 - 197) minutes, respectively. 
There was no conversion to classical prosthetic AVR.  

3.3. Postoperative Data  

Patients’ postoperative results were presented in Table 1. The observed mean 
postoperative ventilation time in intensive care unit (ICU) was 6.5 ± 5.3 hours, 
mean ICU length of stay 1.6 ± 1.1 days, mean hospitalization length 9.7 ± 7 days. 
No patients needed reoperation for bleeding, pacemaker implantations or infec-
tive endocarditis. Postoperative atrial fibrilation occured in 1 patient who un-
derwent concominant mitral valve replacement. During hospitalization, 2 (8.3%) 
deaths from non-cardiac causes were recorded. Mesenteric ischemia was devel-
oped in 1 patient on the 3rd postoperative day and 1 patient had ischemic cere-
brovascular event on the 7th postoperative day. The 30-day mortality was also 2 
(8.3%) and included these aforementioned 2 patients. One of the patients with 
AS (patient 18) was reoperated in the 2nd postoperative month due to grade 2 
aortic insufficiency (AI).  

In the patient group who were operated on for AI, worsening in the grade of 
aortic regurgitation was not observed. After surgery, trickle aortic regurgitation 
was seen in 2 of 8 patients. No or only trace aortic regurgitation was seen in rest 
of the patients.  

At the first postoperative month, echocardiographic evaluation was per-
formed in 15 of 16 patients with AS. Average peak and mean aortic valve pres-
sure was 22.00 ± 3.93 mmHg and 8.73 ± 2.60 mmHg (both p = 0.001). At the 6th 
postoperative month, echocardiographic evaluation was performed in all of 
these 15 patients. Average peak aortic valve pressure was 18.13 ± 3.02 mmHg 
(compared to both preoperative pressure and first month pressure, p = 0.001) 
and mean aortic valve pressure was 6.93 ± 1.83 mmHg (compared to preopera-
tive pressure p = 0.001, and compared to first month pressure, p = 0.002).  

For 2 patients who underwent concomitant mitral valve surgery, anticoagu-
lant therapy with Warfarin sodium was employed at theuropatic dosages in the 
first 3 months and thereafter acetylsalicylic acid (100 mg/day) was given for life 
long. Patients who underwent isolated AVNeo procedure were treated with ase-
tilsalicylic acid (100 mg/day) for 1 month after surgery and then it was deceased. 

4. Discussion 

The most common surgical treatment method for aortic valve pathologies is still 
aortic valve replacement. Despite all advances in prosthetic valve technologies, 
the ideal prosthetic valve still hasn’t been developed. However, the implantation 
of the prosthetic valves to the aortic annulus brings along some anatomical and 
physiological issues due to the stent frame or the base ring of the valve. Prothe-
sis-patient mismatch may occur as a result of impairment of the physiologic 
mobility of the aortic annulus and decrease of the aortic valve area. These prob-
lems may arise at similar rates in patients who underwent surgery as well as 
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transcatheter aortic valve replacement (TAVR) [7] [8] [9]. Additionally, while 
bioprosthetic valves have a high risk of potential degeneration; mechanical 
prosthetic valves possess the risks of bleeding vs thromboembolic complication 
associated with anticoagulants.  

AVNeo procedure has been performed since 2007 [2]. This procedure can be 
applied to all aortic valve pathologies. The biggest advantage of this technique is 
letting the anatomical and physiological movement of the aortic annulus and 
having an effective orifice area close to the native aortic valve. Glutaralde-
hyde-treated autologous pericard seems to provide mechanical and haemody-
namic performance similar to the native aortic valve [10]. Since the 1960s, de-
spite the description of many aortic valve repair techniques by using autologous 
or bovine pericardium, those methods haven’t been widely adopted because of 
the calcification and the degeneration [11] [12] [13] [14]. Although using auto-
logus pericardium has important advantages, fixation by glutaraldehyde to pre-
vent retraction or thickening and to ensure the durability emerges problems 
about cytotoxicity [15]. Therefore, the search for a biocompatible material that 
will provide a lifelong solution to the patients is going on [16]. 

Ozaki procedure can be applied to every kind of aortic valve diseases such as 
AS, AI, or combined aortic valve pathologies. It can also successfully be used for 
congenital abnormalities such as bicuspid and unicuspid aorta [6] [17]. In this 
patient cohort, 3 (2 with AI, 1 with AS) (12.5%) patients were operated on due to 
bicuspid aorta and their postoperative results were similar to tricuspid patients.  

Ozaki procedure is accepted to be a safe technique for young patients as well. 
In this series, 12 (50%) patients were under 60-year-old. No mortality and reo-
peration were noted in our younger patients and all of them showed uneventful 
follow-up. Similarly, in a study conducted in patients younger than 60 years old, 
the freedom from reoperetion rate was found 98.9% at 76 months follow up [18]. 
While these are not long-term consequences, available results can be accepted as 
promising for the young patient population in the long term. 

According to the surgical data of our patients mean ACC time and CPB time 
were 118.1 ± 33.2 (min - max: 67 - 173) minutes and 162 ± 45.7 (min - max: 97 - 
245) minutes respectively. Although these durations were longer than the dura-
tions of Arutyunyan et al., in their study the rate of patients who underwent iso-
lated AVNeo was higher than the rate of patients in our study [19]. In our study, 
in patients who underwent isolated AVNeo procedure, mean ACC time and 
CPB time 93.3 ± 18.2 were 130.3 ± 31.6 minutes respectively. In consistent with 
our results, Ozaki et al. reported that the ACC time was 110.1 ± 26.8 minutes in 
isolated aortic valve procedures [3]. Also, ACC and CPB times may even be de-
creased with the completion of learning curve. In the study from Ozaki et al., 
mean ACC time was decreased to as 96.7 ± 26.9 minutes for the patients who 
were operated on in the last 10 months. 

In our study, 16 patients with AS were undergone AVNeo with or without 
concomitant surgery and both statistically and clinically improvement in aortic 
valve pressure was obtained after surgery. Only 1 patient, who was applied an 
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isolated AVNeo procedure for AS, was reoperated due to central AI on the 2nd 
postoperative month. On the 2nd postoperative month, the echocardiographic 
examination was performed due to his complaints of dyspnea and grade 2 cen-
tral AI with hypertrophic ventricle was detected. Due to unresponsiveness to 
medical treatment, sutureless AVR was performed. This patient had a much 
wider non-coronary leaflet than the other leaflets and the rudimentary commis-
sure between non-coronary and left coronary leaflets was located lower than the 
other commissural level. In addition to the coaptation defect of glutaralde-
hyde-treated leaflets, these differences in the commissural levels contributed to 
the development central AI. Very recently, Ozaki recommended creating a new 
commissure if the difference between measurements of each cusp is greater than 
2 mm [20]. 

In another study, Iida et al. performed AVNeo in 57 patients with AS [21]. 
Similarly, to our result, they reported that preoperative average peak pressure 
gradient was reduced from 89 ± 32.9 mmHg to 22 ± 10.7 mmHg at the 1st post-
operative week and to 19.2 ± 9.7 mmHg at postoperative 20th month. Only 2 pa-
tients were reoperated due to infective endocarditis and recurrence of aortic re-
gurgitation. In another study conducted on 77 patients who mostly had AS, 
Krane et al., reported that moderate-severe AI was developed in 2 patients. In 
the same study, they denoted that the hospitalization times were similar to those 
of prosthetic AVR patients [22]. Also, studies that compared AVNeo with the 
aortic valve replacement reported that greater effective aortic valve area and 
smaller aortic valve pressure gradient pressure were obtained with AVNeo pro-
cedure [23] [24]. In addition, aortic annular dimensions after AVNeo were 
found similar to the dimensions of normal aortic valves [23]. 

In addition, the results of several studies with more patients and longer fol-
low-up were showed that the drop in aortic pressure gradient after AVNeo op-
eration was maintained for a long time and cumulative incidence of reoperation 
was too low. Ozaki et al. carried out a retrospective study which included 404 
patients with 23.7 ± 13.1 months of the mean follow-up period. The mean preo-
perative average peak pressure gradient of patients with AS decreased from 79.6 
± 32.5 mmHg to 19.8 ± 10.2 mmHg at the first postoperative week and to 13.8 ± 
3.7 mm Hg 3.5 years after surgery. Conversion to prosthetic valve replacement 
and thromboembolic events were not recorded. Freedom from reoperation was 
reported as 96.2% at 53 months of follow-up [3]. In another study by Ozaki et 
al., which included 850 patients with various aortic valve diseases with a mean 
follow-up of 53.7 ± 28.2 months, actuarial freedom from death, the cumulative 
incidence of reoperation and recurrence of moderate or severe aortic regurgita-
tion were found as 85.9%, 4.2% and 7.3%, respectively. The preoperative echo-
cardiography revealed the mean diameter of the aortic annulus of 20.9 ± 3.3 mm 
for all patients and the mean peak pressure gradient of 68.9 ± 36.3 mm Hg for 
the patient with AS. The mean peak pressure gradient was reduced to 19.5 ± 10.3 
mmHg at the 1st postoperative week and to 5.2 ± 6.3 mmHg at the 8th post-
operative years [6]. 
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Our study was conducted on a single center and with a small number of 
patients. The lack of long-term follow-up is the major limitation of this study. 
Even though the performed procedure has more favorable mid-term results, the 
long-term durability of the glutaraldehyde-treated pericardium does not exist yet 
on the patients who underwent AVNeo procedure. 

In conclusion, AVNeo is a feasible and reproducible procedure with successful 
early postoperative hemodynamic results and with the advantages of no anti-
coagulants necessity, and it can be performed concomitantly with other cardiac 
surgical interventions. In summary, our results are similar to Ozaki’s own series 
results. Although this procedure requires meticulous experience, results similar 
to the available published literature can be obtained and reproducible even dur-
ing the learning curve when technical steps are strictly followed. Therefore, this 
procedure can be considered equivalent to a standard valve surgical procedure. 
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