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Abstract: Currently, aortic valve (AV) disease is the most common reason for heart valve surgery. The gold
standard of care for people with aortic pathology is thought to be AV replacement. The issue of prosthesis
selection has always been important. Although mechanical prosthesis are robust, lifelong anticoagulation
medication is necessary due to the significant risk of thromboembolic consequences. Biological prostheses have
a flow structure that is similar to the physiological one, and as malfunction gradually sets in, scheduled
recurrent surgery can be carried out. The purpose of this study is to evaluate the short- and long-term effects
of biological prosthetic aortic valve replacement (AVR) in elderly individuals. The study included 198 patients
with AV pathology [85 men (42.9%)/113 women (57.1%)]. The median age was 70 [66-73] years. There were
175 (88.4%) patients with degenerative AV, 5 (2.5%) with infective endocarditis, and 30 patients (15.2%) had
bicuspid AV. The median follow-up period was 26.3+1.4 months. Hospital mortality was 4.5%. No wound
complications were detected. Thirty-one patients died in the long-term period. The causes of lethality were:
cardiovascular disease (13 patients), malignant neoplasm (5 patients), gastrointestinal disease (2 patients),
urinary system disease (1 patient), COVID-19 (1 patient), unknown cause (9 patients). Thus, the five-year
postoperative survival rate was 63%, respectively. Throughout the observation period, two patients (2.9%)
underwent reoperation on AV. 97.1% of patients were free of reoperation after five years. The five-year survival
rate was 63% due to the history of severe concomitant pathology and mean age of the patients of 70 years.

Keywords: aortic valve; bioprosthesis; surgical aortic valve replacement (SAVR)

1. Introduction

Currently, aortic valve (AV) pathology is becoming the most frequent cause of heart valve
surgery [1,2]. AV replacement is considered to be the gold standard of treatment of patients with
aortic malformation [3,4]. The problem of prosthesis choice has always been topical. Mechanical
prostheses are durable, but there are high risks of thromboembolic complications, so lifelong
anticoagulant therapy is required [5]. Biological prostheses form a flow structure close to the
physiological one, and the gradual development of dysfunction makes it possible to perform repeated
surgery as planned [6].

However, with time, they are prone to structural valve degradation (SVD), which necessitates
reoperation, particularly in younger patients [7-9]. Nevertheless, recent randomized data indicate
that the long-term survival rates following biological and mechanical AVR are comparable [10]. As a
result, when choosing the type of prosthesis, the likelihood of difficulties with the valve become
important. According to the National Thoracic Surgery Society database, the number of implanted
bioprostheses has steadily increased over the past ten years [11]. Furthermore, during the last decade,
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the use of valve-in-valve transcatheter aortic valve implantation has complemented surgical aortic
valve replacement in the treatment of high-risk patients with degenerated aortic bioprostheses [12].

Here is presented a statistics on total AVR operations (including biological valve) in 2021 in
thousands: Russia — 11.2 (6.3); USA —41.6 (23.4); Germany — 26.8(15.1); China - 18.3 (10.3).

Therefore, the purpose of this single-center study was to examine the relationship between
short- and long-term problems, including mortality, and the type of aortic valve prosthesis (biologic
or mechanical) placed in a relatively large cohort of patients who underwent AVR.

Previously, some single-center studies were made in Japan [13,14] and China [15]. Nevertheless,
it is necessary to gain the experience from all over the World to get more adequate data.

Therefore, the purpose of this single-center study was to examine the relationship between
short- and long-term problems, including mortality, and the type of aortic valve prosthesis (biologic
or mechanical) placed in a relatively large cohort of patients who underwent AVR.

With this study, we aimed to evaluate short- and long-term outcomes after AVR with biological
prostheses at Federal Center of Cardiovascular Surgery (Perm, Russia). Furthermore, we examined
how the surgery affected patients” subjective quality of life.

2. Materials and Methods

2.1. Ethical Statement

This cohort study was conducted in Federal Center of Cardiovascular Surgery (Perm, Russia).
Written informed consent was obtained from patients or their representatives. The study was
approved by the Ethics Committee of Federal Center of Cardiovascular Surgery (Perm, Russia)
(protocol No. 12 on 17 December 2022).

2.2. Study Population and Data Sources

Single-center retrospective study of 198 patients (85 men and 113 women) who underwent AV
replacement with biological prosthesis at Federal Center for Cardiovascular Surgery (Perm, Russia)
(from 2015 to 2021) was carried out. The clinical and demographic characteristics are presented in
Table 1. The median age of the patients was 70 years (min 25 and max 80 years). Among the
comorbidities, CHD was the most common in 141 patients (71.2%). NYHA III-IV class coronary artery
disease occurred in 102 patients (51.5%). The causes of AV dysfunction were mainly degenerative
changes of native valve in 175 patients (88.4%), insufficiency of AV II-Ill in 17 (8.6%), IE occurred in
5 patients (2.5%), bicuspid AV in 30 patients (15.2%). Cohort characteristics are presented in Table 1.

2.3. Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics 26 (Chicago, IL, USA), Jamovi
(Version 1.6.9) (https://www jamovi.org), and R (R version 4.0.5, R Foundation for Statistical
Computing, Vienna, Austria). Quantitative measures were assessed for normality using the
Kolmogorov-Smirnov test with Lilliefors test. Quantitative measures with a normal distribution were
described with arithmetic mean (M) and standard deviation (SD), 95% confidence interval (95% CI)
limits.
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Figure 1. Cohort flow chart.

Table 1. Clinical and population features.

Parameter Quantity
Age, Me [Q1-Q3] 70 [66-73]
Sex (male/female), n(%) 85(42.9%) / 113 (57.1%)
BMIM +SD 305
NYHA III-1V FC, n (%) 102 (51,5)
Coronary heart disease, n(%) 141 (71,2)
Percutaneous coronary intervention, n(%) 16 (8,1)
Myocardial infarction, n(%) 43 (21,7)
Diabetes mellitus, n (%) 32 (16,2)
Peripheral artery lesion, n(%) 47 (23,7)
Atrial fibrillation,n (%) 53 (26,9)
Previous heart surgeries, n (%) 11 (5,6)
Previous surgeries on the aortic valve, n (%) 8 (4)
Infectious endocarditis, n(%) 5(2,5)
Bicuspid aortic valve, n(%) 30 (15,2)
Degenerative aortic valve, t(%) 175 (88,4)
Aortic valve insufficiency II-III, n (%) 17 (8,6)
LVEF, % 54 [47 - 58]
Mean pulmonary arterg Igliessure, mmHg Me [Q1- 35 [27 - 45]
Median of the fibrous ring of the aortic valve, mm
Vel le_ 03] 2120 -23]

Where there was no normal distribution, quantitative data were described using median (Me)
and lower and upper quartiles (Q1 — Q3). Categorical data were described with absolute values and

percentages. The time to the first clinical endpoints (mortality and AV reoperation) was estimated
using the Kaplan-Meier method.

2.4. Primary and secondary end-points

The primary endpoint was hospital mortality. The secondary endpoints assessed were: surgery
duration time, artificial circulation, aortic constriction, period of hospital stay, postoperative
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complications (stroke, sternal infection, acute kidney injury (AKI), arrhythmia requiring pacemaker
implantation, sepsis, reoperation for bleeding), peak transvalvular pressure gradient after surgery,
mid-term outcomes (three-year overall survival and freedom from AV reoperation)

3. Results

3.1. Surgical technique

The access to the heart was a median sternotomy in 181 patients (91.4%), in 17 (8.6%) - J-shaped
upper mini-sternotomy. The operation was carried out under the conditions of cardiopulmonary
bypass, myocardium protection during aortic clamping was carried out by using blood cardioplegia
technique. The median artificial circulation time was 78 (65 — 96) minutes; aortic constriction time was
59 (48 — 70) minutes. Neocor Uniline - 170 patients (85.9%), Tiara prosthesis - 17 patients (8.6%),
Medtronic Hancock - 3 patients (1.5%), St.Jude Biocor - 3 patients (1.5%), Biolab - 5 patients (2.5%)
were used as bioprosthesis. The percentage of combined surgical interventions was 46% - 91 patients,
including 70 patients underwent coronary artery bypass grafting (35.4%), 8 patients underwent
cardiac ablation + left atrial appendage intervention (4%), 3 patients underwent mitral valve
intervention (1.5%), 3 patients underwent aortic root dilation (1.5%) (Table 2).

3.2. Post-operative outcome

Postoperative data are shown in Table 3. In-hospital mortality was 4.5% in 9 patients. The cause
of mortality was multiple organ failure syndrome, in 1 case peritonitis. Rhythm disturbance as AF
occurred in 14 patients (7.1%), total AV blockade - in 9 (4.5%), therefore, permanent pacemaker was
implanted. Four patients (2%) underwent resternotomy for the control of bleeding. Two patients (1%)
underwent pericardiocentesis. Eight (4%) patients had a stroke. No wound complications were
detected. The median ICU stay was 1 (1-2) days. Echocardiographic data in the early postoperative
period are shown in Table 4. The median number of days spent in hospital was 17 (14-21) days.

Table 2. Intraoperational data.

Parameter Quantity
Full sternotomy, n(%) 181 (91,4)
Minimally invasive intervention, n(%) 17 (8,6)
Duration of the operation, min. Me [Q1-Q3] 175 [150 — 195]
Duration of the cardiopulmonary bypass, min. Me
[Q1-Q3] 78 [65 - 96]
Clamping time, min. Me [Q1-Q3] 59 [48-70]
Implantation of the prosthesis "Uniline Neocor", 170 (85,9)
n(%)
Implantation of the Tiara prosthesis, n(%) 17 (8,6)
Implantation of a Medtronic Hancock prosthesis,
n(%) 3(1,5)
Implantation of the St. Jude Biocor prosthesis, n(%) 3(1,5)
Implantation of the Biolab prosthesis, n(%) 5(2.5)
Combined surgical intervention, n(%) 91 (46)
Coronary bypass surgery, n(%) 70 (35,4)
Mitral valve surgery, n(%) 3(1,5)
Aortic root dilation, n(%) 3(1,5)

Surgical ablation of AF, n(%) 8 (4)
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Table 3. Early post-operational period outcome.

Parameter Quantity
Mortality, n(%) 9 (4,5)
AF,n(%) 14 (7,1)
Implantation of a pacemaker, n(%) 9 (4,5)
Resternotomy for bleeding, n(%) 4(2)
Pericardiocentesis, n(%) 2(1)
Stroke, n(%) 8(4)

Table 4. ECHO-data in early post-operational period.

Parameter Quantity

LVEF, % 54 [49 - 58]
Peak gradient, mmHg Me[Q1-Q3] 23 [16-31]
Mean gradient, mmHg. Me[Q1-Q3] 14 [9-18]

3.3. Mid-term Outcome

The follow-up period was 26.3+1.4 months. During the observation period, 31 patients died. The
causes of mortality were: cardiovascular disease - 13 patients, malignant neoplasm - 5 patients,
gastrointestinal disease - 2 patients, urinary tract disease - 1 patient, COVID-19- 1 patient, unknown
cause - 9 patients. The five-year survival rate after surgery was 63% (Figure 1).

Two patients underwent AV reoperation during the follow-up period. During the observation
period, an AV reoperation was performed on two patients. The biological valve's leaflet degradation
and the bioprosthesis's were the reasons for the second operation. Aortic valve replacement with
mechanical prosthesis, mitral valve replacement with mechanical prosthesis, closure of the
interventricular septal defect, and aortic root and aortic left atrial fistula plasty with xenopericardial
patch were all performed on the patient with leaflet degeneration who had undergone AV valve
replantation with biological prosthesis. The five-year freedom from reoperation was 97.1% (Figure

2).
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Figure 1. Kaplan-Meier curves for survival after AV implantation.
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Figure 2. Period length of freedom from reoperation.

4. Discussion

The surgical repair of the aortic valve is a significant heart procedure that ranks second in cardiac
surgery and among the top heart treatments. Depending on the patient's features, a biological,
mechanical, or autopericardium replacement may be chosen [16]. Depending on the surgeon's
discretion, there are various implantation procedures for aortic valve repair, including U-shaped
sutures on spacers, an interrupted sew technique for thin aortic valve rings, and continuous sutures
[17].

Figure 3. Stages of biological valve implantation: a — calcified aortic valve, b — implantation and

suturing, ¢ — cannulation technique.

Mortality and fatal complications in AV repair reaches 4-8% [18]. Cardiac problems vary by
roughly 7%, and occasionally can reach 13% in the group of senior patients, depending on risk
variables such the patient's age and somatic status [19,20].

Milewski et al. [21] presented an 18-year experience with AV replacement. The study compared
the immediate and long-term results of AV replacement with biological and mechanical prostheses
in young people. The main criterion of the study was the freedom from reoperation. Experience has
shown that there is no difference in the reoperation rate.

According to a retrospective study by Schnittman et al. [22], after AV replacement with
bioprosthesis the incidence of stroke was lower (5.4% [95% CI, 3.8%-7.2%] vs 8.1% (after AC
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replacement with mechanical prosthesis) [95% CI, 6.3%-10.2%], the incidence of bleeding was lower
(4.2% [95% CI 3.0-5.6%)] versus 8.4% [95% Cl, 6.6-10.4%]), but reoperation rates were higher ( 24.5%
[95% CI, 21.3%-27.8%] versus 9.3% [95% CI, 7.2%-11.7%]) after 15 years compared with mechanical
valve replacement. No interaction between age and prosthesis choice on survival was found (P
interaction = 0.16).

Lund and Bland [23] performed a meta-analysis including 17,439 patients. The aim of the study
was to compare long-term mortality. When analysing the data, they found that the mean age of
patients treated with mechanical implants was 58 years and that of bioprosthesis patients was 68.8
years. The authors then excluded all risk factors, such as NYHA III and IV and CABG. The final
results showed that the mortality rates did not differ between the two groups.

In the past, the main reported disadvantage of the bioprosthetic valve has been its shorter
durability, hence the propensity for valve wear or reoperation. However, long-term follow-up of
patients after AC replacement with a biologic valve has shown otherwise.

Johnston et al. [8] followed 12 569 patients who underwent Carpentier-Edwards Perimount
(CEP) aortic valve replacement for 20 years. The results, published in 2015, show that valve retreading
due to valve leaflet degeneration is rare (overall 15%). The longevity of the CEP valve in young
patients has also been confirmed in a cohort study involving patients under 60 years of age using a
CEP bioprosthesis for 20 years [11]. It reported a low incidence of bioprosthesis flap degeneration of
only 37.2% + 5.4% and an expected durability value of 17.6 years.

Ruel et al. [24] analysed the long-term outcomes of patients aged 18-50 years who underwent
aortic valve replacement. Their study included 309 patients. The follow-up period was 15 years. The
results of the study showed that survival rates did not differ between mechanical and biological
valves, irrespective of the frequency of reoperation or valve degeneration. The 15-year survival rate
of patients with a mechanical prosthesis was 78.9%, while that of patients with a bioprosthesis was
79.2%. Meanwhile, it was suggested that bleeding, both intracranial and extracranial, is more likely
to occur in patients with a mechanical prosthesis, due to warfarin administration.

According to our data, the 5-year survival rate was 63%. When considering the causes of
mortality, oncological diseases, gastrointestinal diseases, diseases of the urinary system and COVID-
19 are among them. Also noteworthy is the average age of the patients - 70 years. The five-year
freedom from reoperation was 97.1%.

According to the data, biological prosthesis represent one of the treatment options of choice for
some patient populations, including elderly patients, those with infected endocarditis, those with
narrow aortic roots, and women who are of reproductive age. Second- and third-generation
biological prostheses produce good outcomes both immediately and over time, with reduced
calcification and structural degradation. In various clinical conditions, choosing a prosthesis enables
gratifying short-term, medium-term, and long-term outcomes. The improvement of prostheses with
less propensity to calcify is a goal of further technological advancement in prosthesis fabrication and
analysis of short- and long-term outcomes with concurrent advancement in cardiac surgical
treatment. This is a promising direction for contemporary cardiovascular surgery.

5. Conclusions

Our 7-year experience with AV replacement with a biological prosthesis has shown that the
quality of life of the patients has improved in the long-term period. The five-year freedom from
reoperation was 97.1%. The five-year survival rate was 63% due to a history of severe comorbidities
and an average patient age of 70.
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