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Abstract: Background: Infective endocarditis(IE) is a serious disease and in many cases surgery is necessary.
Whether the type of prosthesis implanted for aortic valve replacement(AVR) for IE impacts patient survival is
a matter of debate. The aim of the present study is to quantify differences in long-term survival, recurrence of
endocarditis AVR for IE according to prosthesis type among patients aged 40 to 65 years. Methods: This was
an analysis of the INFECT-REGISTRY. Overall, 4365 patients were diagnosed and operated on for IE from 2000
to 2021. Of these, 549 aged between 40 and 65 years underwent AVR. 268(48.8%) received mechanical
prostheses, and 281(51.2%) biological ones. Confounders were adjusted using optimal full matching propensity
score. Results: A significant trend in reduction of implantation of mechanical vs biological prostheses was
observed during the study period(p<0.0001). Long-term survival was significantly higher among patients
receiving a mechanical prosthesis than those receiving a biological prosthesis (hazard ratio [HR] 0.546,95%ClI:
0.322-0.926, p=0.025). Mechanical prostheses were significantly associated with less recurrent endocarditis after
AVR (HR 0.268,95%CI:0.077-0.933, p=0.039). Conclusions: The present analysis of the INFECT-REGISTRY
shows increased survival and reduced recurrence of endocarditis after mechanical aortic valve prosthesis
implant for IE in middle-aged patients.

Keywords: endocarditis; aortic valve replacement; prosthetic heart valve

1. Introduction

Infective endocarditis (IE) is a serious disease and in many cases surgery is necessary [1]. From
a theoretical point of view, the use of foreign material should be minimized: however, when the
native valve is severely compromised, a prosthetic replacement is needed [2]. For the general
population with aortic valve disease, the European Society of Cardiology (ESC) suggested surgical
implantation of mechanical valves in patients younger than 60 years and of bioprostheses in patients
over 65 years [3]. However, there is no consensus recommendation on the type of prosthetic valve to
use in case of IE, [2] and few studies compared mechanical and biological prostheses in IE patients
so far, leading to contradictory results [4-7]. Furthermore, in recent years, middle-aged patients have
tended to prefer biological valves to mechanical ones due to concerns related to the use of
anticoagulants and the rise in valve-in-valve procedures [8]. The aim of the present study is to
quantify differences in long-term survival, recurrence of endocarditis and early postoperative
complications after aortic valve replacement (AVR) for IE according to prosthesis type among
patients aged 40 to 65 years.

2. Materials and Methods

The ItaliaN Registry For surgical trEatment of valve and prosthesis infeCtive endocardiTis
(INFECT-REGISTRY) includes surgically treated patients with IE since February 1979. The Registry
is endorsed by the Italian Society for Cardiac Surgery (SICCH) with the Italian Group of Research for
Outcome in Cardiac Surgery (GIROC). The ethical committee approved the study with protocol
number 0009040 on 29/1/2015. Included patients met criteria for possible or definite IE diagnosis
based on modified Duke criteria [9]. Only the first episode of IE recorded for an individual patient
was used in the analysis. Patients with definite IE who underwent aortic valve surgery consisting of
isolated biological valve replacement with stentless/stented porcine and bovine pericardial valves or
of isolated mechanical valve replacement with monoleaflet or bileaflet prostheses were included.
Exclusion criteria were: age <40 years old and > 65 years old; patients undergoing valve repair rather
than replacement or receiving a homograft/autograft; patients undergoing aortic root or ascending
aortic replacement; patients receiving AVR combined with another valve procedure; and patients
whose survival data were missing. A standard case report form was used at all sites to collect data of
the index hospitalization. Clinical features including demographics, comorbidities, pre-existing
valvular conditions, and details regarding the current IE episode - including source of acquisition,
microbiology, echocardiographyc findings, complications, management, and outcome - were
collected. All the clinical variables collected in the dataset were defined according to Euroscore [10].
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From 2000 to 2021, 4365 patients with native valve endocarditis (NVE) or prosthetic valve
endocarditis (PVE) were operated on in Italian Cardiac Surgery Centers (Appendix A). Of these, 549
met the inclusion and exclusion criteria mentioned above and represent the study population. The
primary end-points were long-term mortality, defined as any-cause death at follow-up, and
recurrence of endocarditis, defined as a diagnosis of IE in a re-admission following discharge after
completion of antibiotic therapy recommended for endocarditis [2]. Secondary end-points were:
duration of mechanical ventilation (MV), intensive care unit (ICU) stay, hospital stay, permanent
pacemaker implantation, atrial fibrillation onset, intra-aortic balloon pump (IABP) use, perioperative
stroke, acute kidney injury, reoperation for bleeding, sepsis, multiorgan failure (MOF), and early
mortality (in-hospital or 30 days after surgery) due to any cause.

Statistical Analysis

Categorical data were presented as frequencies and percentages and compared using the Chi-
square test or Fisher’s exact test where appropriate. Continuous variables were expressed as means
with SD and compared with t test for normal distributions, and expressed as median and interquartile
range [IQR] and compared using two-tailed Mann-Whitney test for non-parametric distributions.
Trends in proportion of the use of mechanical prostheses versus biological ones over time were tested
by applying the sieve bootstrapped t-test. Confounding due to differences in baseline characteristics
was addressed using propensity score matching [11]. To calculate the propensity score, a hierarchical
logistic regression model was fitted with mechanical implantation as the outcome. Covariates entered
into the model include all measured baseline characteristics listed in Supplementary Table S1 in the
Appendix. The area under the receiver operating characteristic curve for this model was 0.704
(Appendix, Supplementary Figure S3). Optimal full matching method, a subclassification approach
that optimally forms subclasses where 1 subject is matched to 1 or more counterparts, has been used
[11]. Full matching involves the formation of strata consisting of treated and control subjects and
incorporates weights that are derived from the stratification. The baseline characteristics of the
patient pairs matched by propensity score were compared using the Kolmogorov-Smirnov test.
Standardized difference that was less than 0.1 was deemed indicative of acceptable balance. For the
primary end point, survival curves estimates were derived from Kaplan-Meier method. For the other
primary endpoint recurrence of endocarditis, a competing risk analysis was performed to construct
cumulative incidence function curves and to calculate estimates. For all end primary points, marginal
Cox proportional hazards regression models with robust sandwich variance estimators were fitted
with only prosthesis type entered as a covariate. The difference in overall survival was compared
using the Cox model, whereas the differences in recurrence of endocarditis were evaluated using the
Gray test. Secondary endpoints were analyzed regressing the binary outcome on a treatment status
indicator using a logistic regression model expressed as odds ratio (OR) and 95% confidence interval
(CI). The model incorporates the weights induced by full matching. A robust, sandwich-type variance
estimator has been used to account for the clustering of subjects within strata [12]. The significance
level was set for an alpha value of 0.05. Statistical analyses were performed using R software (version
4.3.1; R Foundation for Statistical Computing, Vienna, Austria).

3. Results

Among the 549 patients aged between 40 and 65 years and operated on for AVR for IE, 268
(48.8%) received mechanical prostheses, and 281 (51.2%) biological ones. The baseline and operative
characteristics of the overall unadjusted cohort are shown in Table 1. Patients who underwent AVR
with a mechanical prosthesis were younger (median 52.00, interquartile range (IQR): 45.37- 57.56, vs
median 57.00, IQR: 48.74-62.00, p <0.001), and more likely to be female (23.9% vs 14.2%, p=0.006).
Patients who received biological prosthetic valves more likely had heart failure symptoms (21.0% vs
10.4%, p=0.001), cardiogenic shock (9.6% vs 4.9%, p=0.048), and had significantly higher orotracheal
intubation rates before surgery (10.0% vs 3.0%, p=0.002). Leaflet perforation (17.8% vs 10.8%, p=0.043)
and large vegetation (36.3% vs 45.1%, p=0.043) were more frequent in the bioprosthesis group.
Logistic Euroscore was higher (median 6.45 vs 4.68, p=0.005), and both cardiopulmonary bypass time
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(90.94 min vs 79.26 min, p=0.004) and aortic cross-clamp time (73.39 min vs 65.53 min, p=0.001) were
longer in patients receiving replacement with biological prostheses. Culture negative endocarditis
accounted for 30.4% of cases, and the most frequently isolated germs were Streptococci (21.1%) and
Staphylococcus aureus (12.9%). No significant differences were found in pathogens responsible for
IE in patients undergoing AVR with mechanical vs biological prostheses (Table 2).

Table 1. Baseline and operative characteristics of patients, aged between 40 and 65 years, with IE
treated with mechanical versus biological aortic valve prosthesis.

Mechanical Valve Biological Valve

Variables (N=268) (N=281) p Value
Age (years, median [IQR]) 52.00 [45.37,57.56]  57.00 [48.74, 62.00] <0.001
Female gender, n (%) 64 (23.9) 40 (14.2) 0.006
Hypertension, n (%) 64 (23.9) 75 (26.7) 0.510
Diabetes, n (%) 23 (8.6) 32 (11.4) 0.341
Obesity, n (%) 18 (6.7) 22 (7.8) 0.736
COPD, n (%) 13 (4.9) 16 (5.7) 0.802
Drug abuse, n (%) 14 (5.2) 13 (4.6) 0.900
Previous cardiac surgery, n (%) 8 (3.0) 14 (5.0) 0.330
LVEF (%, mean (SD)) 54.94 (8.45) 54.22 (9.47) 0.346
Peripheral arteriopathy, n (%) 8 (3.0) 13 (4.6) 0.436
Preoperative stroke, n (%) 30 (11.2) 34 (12.1) 0.843
Heart failure, n (%) 28 (10.4) 59 (21.0) 0.001
Cardiogenic shock, n (%) 13 (4.9) 27 (9.6) 0.048
Acute myocardial infarction (within 90 days), n (%) 3(1.1) 4(1.4) 1.000
Active endocarditis, n (%) 205 (76.5) 226 (80.4) 0.309
Preoperative MV, n (%) 8 (3.0) 28 (10.0) 0.002
Pulmonary hypertension (<50mmHg), n (%) 15 (5.6) 19 (6.8) 0.697
CKD, n (%) 26 (9.7) 28 (10.0) 1.000
Dialysis, n (%) 11 (4.1) 11 (3.9) 1.000
IABP, n (%) 1(0.4) 5(1.8) 0.241
Preoperative pacemaker implantation, n (%) 2 (0.7) 6(2.1) 0.317
NVE, n (%) 267 (99.6) 281 (100) 1.000
PVE, n (%) 1(0.4) 0 (0.0) 1.000
Abscess, n (%) 27 (10.1) 43 (15.3) 0.088
Large vegetation (>1 cm), n (%) 121 (45.1) 102 (36.3) 0.043
Leaflet perforation, n (%) 29 (10.8) 50 (17.8) 0.027
Paravalvular leak, n (%) 1(0.4) 1(0.4) 1.000
CABG, n (%) 0.367
0 257 (95.9) 265 (94.3)
1 9(3.3) 12 (4.3)
2 1(0.4) 4 (1.4)
>3 1(0.4) 0 (0.0)
Logistic Euroscore (median [IQR]) 4.68 [2.78, 8.90] 6.45 [3.62, 13.61] 0.005
Cardiopulmonary bypass time (min, mean (SD)) 79.26 (33.47) 90.94 (49.47) 0.004
Aortic cross-clamp time (min, mean (SD)) 63.53 (23.62) 73.39 (34.97) 0.001

CABG, coronary artery bypass grafting; CKD, chronic kidney disease, COPD, chronic obstructive pulmonary
disease; IABP, intra-aortic balloon pump; LVEF, left ventricular ejection fraction; MV, mechanical ventilation;
NVE, native valve endocarditis; PVE, prosthetic valve endocarditis.
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Table 2. Causative agents of IE in patients treated with mechanical versus biological aortic valve
prosthesis.
. Mechanical Valve Biological Valve
Causative Agent (N=268) (§= 281) p Value

Culture negative endocarditis, n (%) 84 (31.3) 83 (29.5) 0.714
Streptococci, n (%) 55 (20.5) 61 (21.7) 0.814
Staphylococcus aureus, n (%) 34 (12.7) 37 (13.5) 0.600
Viridans group streptococci*, n (%) 30 (11.2) 28 (10.0) 0.742
Coagulase-negative staphylococci®, n (%) 23 (8.6) 20 (7.1) 0.632
Gram-negative bacteria (non HACEK), n (%) 5(1.9) 9(3.2) 0.470
Nutritionally variant streptococci®, n (%) 2 (0.7) 3(1.1) 1.000
Candida spp, n (%) 2 (0.7) 1(0.4) 0.967
HACEK group®, n (%) 1(0.4) 0 (0.0) 0.981
Enterococcus faecalis, n (%) 1 (0.004) 1 (0.004) 1.000
Other organisms, n (%) 32 (11.9) 37 (13.2) 0.591

All etiological diagnoses of surgically treated IE were made through cultures. No diagnosis was made through
molecular through cultures. No diagnosis was made through molecular methods, and there were no serological
diagnoses of Coxiella burnetii endocarditis in operated patients. * Viridans group streptococci included
Streptococcus bovis group, Streptococcus pyogenes, Streptococcus penumoniae; Coagulase-negative
staphylococci included Staphylococcus epidermidis, Staphylococcus hominis, Staphylococcus capitis,
Staphylococcus haemolyticus; Nutritionally variant streptococci included Abiotrophia defectiva, Granulicatella
HACEK group
Cardiobacterium hominis, Eikenella corrodens, Kingella kingae.

adiacens; included Haemophilus species, Aggregatibacter actinomycetemcomitans,

Mean follow-up was 65 + 53 months.An optimal full matching propensity-score matching
produced an adjusted cohort of 268 vs 281 patients. Age and all baseline comorbidities resulted in
balance between groups (Appendix, Supplementary Table S1 and Figures S1-2).

3.1. Trends in AVR with Mechanical vs. Biological Valves in Middle-Aged Patients

For AVR, mechanical prostheses were less implanted than bioprostheses (268 [48.8%] vs 281
[51.2%]) among 40-to-65 years-old patients operated on for IE from January 2000 to December 2021.
The mechanical versus biological prosthesis ratio (MBPR) during the entire period was 0.95. We
observed a shift towards less mechanical AVR (p < 0.0001, Figure 1), to reach a MBPR of 0.73 during
the last 5 years of the series. A significant trend in reduction of mechanical vs. biological prostheses
implantation across time was consistent in age subclasses 40-49 years (p=0.03) and 50-65 years
(p=0.02, Figure 1).

Trend of mechanical valves implantation
100% {

Sieve-bootstrap Student's t-test for a linear trend p<0.0001

E
£
i

Age class 40 to 49 years

Sieve-bootstrap Student's t-test for a linear trend p=0.03

Age class 50 to 65 years

E
£
i

Sieve-bootstrap Studen’s ttest for a linear trend p=0.02

Year

2010
Year

2010
Year

Figure 1. Trend in proportion of the implanted mechanical versus biological prostheses in the overall

cohort (A), in age class 40-49 years (B), and in age class 50-65 years (C).
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3.2. Long Term Survival

A total of 42 (15.7%) deaths occurred in the mechanical prostheses group and 66 (23.5%) deaths
occurred in the bioprostheses group at follow-up; the actuarial survival at 1, 5, 10, and 15 years were
93.9%, 89.7%, 80.3%, and 70.1% in the mechanical prostheses group, and 87.5%, 78.2%, 63.9%, and
57.5% in the bioprostheses group, respectively. 2 (0.7%) deaths during follow-up occurred after major
bleeding in patients who received mechanical prostheses versus 1 (0.4%) death in bioprostheses
group. Only 1 patient treated with bioprothesis died after re-operation for structural valve
degeneration (SVD)-related bioprosthetic valve failure, 42 months after the index operation. Among
patients matched by propensity score, mid- to long-term survival was significantly higher among
patients treated with a mechanical prosthesis than those treated with a biological prosthesis (hazard
ratio [HR], 0.546, 95% CI: 0.322-0.926, p= 0.025; Figure 2).

100% A
90% A

80%

70% , L

Percentage Survival

60% A i

0% HR 0.546, 95% C1:0.322-0.926

0 12 24 3 48 60 72 8 96 108 120 132 144 156 168 180
Follow-up time, months

Type of valve Biological =+ Mechanical
At Risk

281 216 178 162 132 102 78 67 53 48 35 26 20 16 11 7

©268 228 209 194 185 158 141 128 106 83 72 47 36 28 19 17
Events

1 34 38 44 50 52 54 56 59 60 63 65 66 66 66 66

L) 16 19 22 24 25 29 30 33 35 37 39 41 4 41 42

Figure 2. Fifteen-year survival after AVR for IE patients aged 40 to 65 years according to prosthetic
type: mechanical prostheses (green line) or bioprostheses (red line). Adjusted survival in patients
matched by propensity score has been reported as hazard ratio (HR) and 95% confidence interval (CI).

3.3. Recurrence of Endocarditis

During 15-years of follow-up, the cumulative IE recurrence after AVR in our cohort was 3.8%
(N=21/549), of which 2.6% (N =7/268) and 5.0% (N = 14/281) for mechanical and biological protheses
group, respectively (Figure 3). Cumulative incidence of recurrence at 1, 5, 10, and 15 years were 2.6%,
3.4%, 7.1%, and 9.5% in the mechanical prostheses group, and 1.9%, 8.6%, 14.6%, and 30.8% in the
bioprostheses group, respectively. In adjusted analysis, prosthesis type was associated with recurrent
endocarditis after AVR (HR 0.268, 95% CI: 0.077-0.933, p= 0.039, reference mechanical prothesis
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group, Figure 3). 2 out of 7 patients (28.6%) with recurrence of IE on mechanical prosthesis and 4 out
of 14 patients (28.6%) with recurrence of IE on bioprosthesis underwent redo operation. 6 out of 21
(28.6%) patients with recurrence of IE died during hospitalization.

30%

HR 0.268; 95% Cl: 0.077-0.933

20% 1

10% 1

Probability of recurrent endocarditis

0% 1+
0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180
Follow-up time, months

Type of valve Biological == Mechanical
At Risk

© 281 216 178 162 132 102 78 67 53 48 35 26 20 16 11 7

® 268 228 209 194 185 158 141 128 106 83 72 47 36 28 19 17

Events
1 2 4 5 8 9 10 10 10 10 11 12 14 14 14 14
C ] 3 3 3 2 4 4 5 5 5 6 T i 7 7 7

Figure 3. Cumulative incidence of recurrent endocarditis after aortic replacement in IE patients aged
40 to 65 years according to prosthetic type: mechanical prostheses (green line) or bioprostheses (red
line). Adjusted estimates in patients matched by propensity score has been reported as hazard ratio
(HR) and 95% confidence interval (CI).

3.4. Early Postoperative Complications

Early outcomes after AVR in patients aged 40-65 years are shown in Table 3. In brief, early
mortality after surgery was 6.2%. Patients with mechanical valves and bioprostheses had comparable
early mortality rates (4.1% vs 8.2%, p=0.07; adjusted OR in matched cohort 0.480, 95% CI:0.229-1.005,
p=0.052). Postoperative acute kidney injury (2.6% vs 7.1%, p=0.02, adjusted OR in matched cohort
0.349, 95% CI: 0.145-0.839, p=0.019) and atrial fibrillation (6.3% vs 15.6%, p=0.001, adjusted OR in
matched cohort 0.362, 95%CI: 0.198-0.662, p<0.0001) onset were likely less frequent in case of
mechanical valve implantation vs bioprosthesis. Other perioperative complications including need
for intra-aortic balloon pump (IABP), stroke, dialysis, reoperation for bleeding, sepsis, multiorgan
failure (MOF), pacemaker implantation, mechanical ventilation (MV), intensive care unit (ICU) stay,
and hospital stay did not show significant differences between groups (Table 3).
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Table 3. Early outcomes in overall series and matched cohort of patients, aged between 40 and 65
years, with IE treated with mechanical versus biological aortic valve prostheses.
Overall Series Estimation in Matched Cohorts
Variables Mechanical Valve Biological Valve
Val Rati % CI P val

(N=268) (N=281) p Value OddsRatio 95% C value

Early mortality, n (%) 11 (4.1) 23 (8.2) 0.071 0.480 0.229-1.005 0.052
Sepsis, n (%) 9 (3.4) 11 (3.9) 0.898 0.849 0.346-2.084 0.722

MOF, n (%) 1(0.4) 7 (2.6) 0.088 0.147 0.018-1.207 0.074

R ion for bleedi

eoPeratlon(o/o)r bleeding, n 7 (2.6) 11 (3.9) 0.537 0.658  0251-1.724  0.395
Pacemaker 1(r;‘})’lama“°n’ n 4(15) 7 (2.5) 0.592 0591  0.171-2.042  0.406
Atrial fibrillation, n (%) 16 (6.3) 42 (15.6) 0.001 0.362 0.198-0.662  <0.0001
IABP, n (%) 3(1.1) 6(2.1) 0.544 0.517 0.128-2.088 0.354

Stroke, n (%) 6(2.2) 3(1.1) 0.460 0.712 0.523-8.541 0.293

Acute kidney injury, n (%) 7 (2.6) 20 (7.1) 0.024 0.349 0.145-0.839 0.019

Dialysis, n (%) 1(0.4) 4 (1.5) 0.401 0.261 0.029-2.350 0.231

MYV (hours, mean (SD)) 23.74 (76.34) 33.56 (82.75) 0.315 -9.819§ 9.763% 0.3158

I .

v Stay[%%j' median  00[1.00,3.00]  400[200,900]  <0.001  -17700§ 135995  0.194s
Hospital stay (median [IQR]) 12.00 [8.50,17.00] 12.50[8.00,19.00]  0.356 -2.041§ 1.3675 0.1368

CI, confidence interval; IABP, intra-aortic balloon pump; ICU, intensive care unit; MOF, multiorgan failure; MV,
mechanical ventilation; Reference for the events: Mechanical valve cohort. § Least squares regression for
continuous dependent variables has been expressed as standard regression coefficient, standard error and P
value.

4. Discussion

The main results stemming from the present analysis of the INFECT-REGISTRY data in middle-
aged patients undergoing AVR for IE are the following: (1) patients tended to prefer a biological valve
over a mechanical one; (2) patients treated with mechanical prostheses had greater survival and lower
recurrence of endocarditis compared to those treated with biological prostheses at 15 years.

Preference of Prosthetic Valve Types in Middle-Aged Patients

IE is a serious disease associated with high mortality and morbidity [1,13]. Surgical debridement
and valve repair or replacement is often required [1,13]. The cornerstone of the surgical treatment of
aortic valve IE is represented by AVR with the implantation of a mechanical or biological prosthesis.
The homograft implant is less used and with inconsistent results [14,15].

According to the recent ESC guidelines for the management of IE, prosthetic valve selection in
IE is influenced by the presence of the following features: recent ischemic stroke, evidence of
intracranial bleeding, woman of childbearing age, high likelihood of prolonged mechanical
circulatory support, advanced age or frailty, poor or unknown medical compliance, expected
complicated and prolonged postoperative course [2].

Beyond the aforementioned patient-specific characteristics, heart valve diseases guidelines
recommend a mechanical valve replacement in patients under 60 year and a biological valve implant
in patients over 65 year, claiming that also patient preference should be taken into account [2,3]. These
general considerations may be even more crucial in patients under 65 years of age, since each type of
prosthetic valve carries risks and benefits. Mechanical prostheses require long-lasting anticoagulant
treatment, with risk of hemorrhage and thromboembolism, whereas biological valves are associated
with a higher risk of failure due to structural valve degeneration (SVD) [16].

In the present study, biological substitutes were predominantly implanted in patients aged
between 40 and 65 years. This complies with the study by Caus et al., according to which biological
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prostheses recently tended to be preferred over mechanical ones in patients between 50 and 60 years-
old [17]. In this regard, our study shows a decreasing trend in the preference for mechanical
prostheses both for the 40-49 years and for the 50-65 years age groups. This phenomenon seems not
to be related to patient comorbidities, and is even more marked in the last 5 years. It seems that the
concerns about the lifelong anticoagulation required for mechanical valve implantation outweigh the
risk of failure of the bioprosthesis due to SVD. The transcatheter-based approach of valve-in-valve
(ViV) to treat the failed surgical aortic valve is the primary determinant [7,18]. However, surgeons
should be aware that ViV procedures should be planned during the first operation, thus implanting
at least a 23 mm diameter valve. For smaller prosthetic sizes, aortic valve regurgitation and severe
patient-prosthesis mismatch occur more frequently in ViV than in surgical aortic valve re-
replacement [18].

Perioperative Outcomes, Long-Term Survival and Recurrence of IE after AVR for IE in Middle-Aged
Patients

Studies comparing outcomes of different prosthetic valves types in AVR for EI are scarce and
mostly not focused on middle-aged patients [4-7,19].

Our study showed no significant difference in early mortality among the two groups. Overall
mortality was 6.2% after AVR for El, consistent with mortality rates reported in the literature
[1,19,20]. In our series, patients receiving a mechanical prosthesis had significantly lower occurrence
of atrial fibrillation and acute kidney injury. It was confirmed after adjustment for propensity score.
Since these results after AVR for IE have not been reported in the literature, they need further studies
to be confirmed.

Contradictory results have been reported for long-term survival in patients undergoing AVR
with mechanical prostheses versus bioprostheses for IE [4-6,20-22]. A propensity weighted
observational study on 395 patients with left sided endocarditis in patients over 18 years of age
showed lower mortality at 10 years, 51.4 + 6.3% versus 73.7 + 12.0%, for the mechanical valve group
vs biological valve group. This study missed to analyze subgroups for aortic valve disease or age
stratification [22]. Said et al. and Musci et al. in their retrospective not adjusted studies showed no
difference in late survival after the implantation of biological or mechanical prostheses [23,24].
Nguyen et al. found that patients <65 years of age receiving a bioprosthetic aortic valve for IE had a
significantly increased risk of 5-year mortality compared with those receiving a mechanical valve
[21]. Toyoda et al. found no difference in 12-year survival among patients undergoing AVR for IE
with either a mechanical or a biological prosthesis, without interaction between the age group and
the prosthetic type for survival [6]. In a large retrospective observational study, Delahaye et al. found
a 1-year mortality of 28.4% in the bioprostheses group and 19.7% in the mechanical prostheses group.
Use of bioprostheses was independently associated with 1-year mortality, and the hazard ratio was
significantly higher in patients under 65 years of age [5]. Kyto et al. selected 213 patients aged 16-70
years who underwent first-time AVR for IE with a mechanical or biological prosthetic valve in
Finland, between 2004 and 2014. A significantly lower 5-year mortality with mechanical prosthesis
(19% vs 35%), with HR of 0.47, 95% CI: 0.23-0.92, was reported. The association was not modified by
age <60 years versus 60-70 years [4]. Our results are consistent with previous findings. In patients
aged 40 to 65 years of age survival rates at 1, 5, 10, and 15 years were 93.9%, 89.7%, 80.3%, and 70.1%
in the mechanical prostheses group, and 87.5%, 78.2%, 63.9%, and 57.5% in the bioprostheses group.

Mid- to long-term survival was significantly higher even in propensity matched patients treated
with a mechanical prosthesis than in those treated with a biological prosthesis. In the absence of
randomized controlled trials in middle-aged IE patients undergoing AVR, it is uncertain which the
real cause is for this difference in long-term survival. It may be at least in part due to the need for
reoperation of patients with bioprostheses. According to Chiang et al. 12.1% of patients who received
biological prostheses subsequently underwent aortic valve reoperation for SVD-related bioprosthetic
valve failure, compared with 6.9% of mechanical prostheses group. 30-day mortality after reoperation
was 9.0%; however, efforts can be made to reduce mortality [16]. High-volume valve centers report
early mortality rates of 3% to 5% for redo AVR: notably, it may be note different from mortality for
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primary AVR [25]. Furthermore, transcatheter valve-in-valve implantation has emerged as an
alternative to redo valve surgery in high-risk patient group [26]. SVD includes a wide range of valve
abnormalities such as calcification, leaflet tear, stent creep, and suture line disruption of components
of the bioprosthesis, resulting in valve stenosis or incompetence, and finally to biological valve failure
[27]. It is likely that the smaller effective valve area of prosthetic valves compared with normally
functioning native valves produces a certain degree of left ventricular overload that could affect
ventricular function over time, causing symptoms and ultimately reducing survival. A correlation
between SVD and IE has also been hypothesized [28]. Conversely, SVD could mutually accelerate
SVD. The assumption, which requires confirmation, is that platelet—fibrin complex formation on
damaged endothelium and subsequent establishment of non-bacterial thrombotic endocarditis is an
essential component of bacterial adherence and eventual infiltration [28]. There is no demonstration
of the above, however, our study has shown that patients aged between 40 and 65 years undergoing
AVR for IE have less recurrence of endocarditis at follow-up after the implantation of a mechanical
prosthesis. Similar results are reported by the few studies published in the literature on the recurrence
of infective endocarditis in biological vs mechanical prostheses. According to Rubino et al. the need
for valve reoperation due to recurrent PVE occurred in 7.3% of patients after mechanical valve
replacement and in 17.3% after bioprosthetic valve replacement [22]. Havers-Borgersen et al. showed
that the risk of IE recurrence was significantly higher among patients with biological prostheses than
among the ones receiving mechanical prostheses (6.3% vs 4.6%). On the contrary, Toyoda et al. failed
to show a difference between the prosthesis types after 12 years of follow-up in IE patients [6]. Again,
randomized studies on the topic are needed to confirm or refute these findings.

Study Limitations

Our study has some limitations. The first is the retrospective observational nature of the analysis,
which may imply differences in surgical and medical treatment over a 21-year period. In order to
minimize the differences between the analyzed groups, full propensity score matching was applied.
Second, this is an analysis of a registry not primarily dedicated to the assessment of the objectives of
the present study. For instance, we do not have a complete follow-up on reoperations for biological
valves for SVD. Similarly, we are not aware of all major bleeding events related to mechanical valves.
However, information on reoperations due to SVD-related bioprosthetic valve failure or recurrent IE,
and on deaths after reoperation or major bleeding is included in the registry. Third, standards of
treatment could be different in certain centers. Finally, several guidelines were published during the
study period, so we decided to cite just the current one.

5. Conclusions

Among propensity-matched patients aged 40 to 65 years who underwent AVR for IE,
mechanical prosthesis implantation was associated with significant survival benefit and reduction in
IE recurrence. These findings suggest that mechanical valves are a reasonable choice for patients aged
40 to 65 years in this setting. Nonetheless, real-world data show that the majority of patients
nowadays prefer a biological prosthesis.
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