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Abstract

Objectives: Patient-prosthesis mismatch (PPM) may impair functional capacity and survival after aortic valve replacement
(AVR). A mechanical prosthesis tends to have less PPM than a biological prosthesis, but these differences in clinical outcomes
remain unclear. This study aimed to investigate the impact of PPM on long-term survival and quality of life (QoL) after
mechanical and biological AVRs. Methods: The presence of PPM was defined in 595 consecutive patients who had undergone
isolated AVR. Patients were divided into two groups according to whether they had received a biological or mechanical prosthesis.
The groups with and without PPM present were compared with regard to baseline characteristics, operative characteristics,
survival, severe complications, freedom from angina and QoL up to 6 years of follow-up. PPM calculation was performed
using the EOA value provided by the manufacturer for every prosthesis divided by the patient’s body surface area. Results:
The moderate-to-severe PPM rates were 69.8% and 3.7% after biological and mechanical prostheses implantation, respectively.
Patients with a biological prosthesis implanted had mean survival significantly shorter in the PPM group (50.2 months, 95%
confidence interval [CI] 45.2-55.3) when compared to the no-PPM group (60.1 months, 95% CI 55.7-64.4) (p = 0.035). In the
mechanical prosthesis group, there was no difference in mean survival between the PPM group (66.6 months, 95% CI 58.3-74.9)
when compared to the no-PPM group (64.9 months, 95% CI 62.6-67.2) (p = 0.50). The physical score of the QoL questionnaire
was significantly lower in the PPM group when compared to the no-PPM group with a biological prosthesis (39.4 + 8.4 vs. 45.7
4+ 10.1, p < 0.001) compared to patients with a mechanical prosthesis (43.9 + 9.4 vs. 46.9 & 8.3, p = 0.18). Conclusions: PPM
is common after biological valve implantation and significantly impacts long-term survival and QoL. If the risk of PPM after

implantation of a biological prosthesis is suspected, prospective strategies to avoid PPM at the time of operation are warranted.
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ABSTRACT

Objectives: Patient-prosthesis mismatch (PPM) may impair functional capacity and survival after aortic
valve replacement (AVR). A mechanical prosthesis tends to have less PPM than a biological prosthesis, but
these differences in clinical outcomes remain unclear. This study aimed to investigate the impact of PPM on
long-term survival and quality of life (QoL) after mechanical and biological AVRs.

Methods: The presence of PPM was defined in 595 consecutive patients who had undergone isolated AVR.
Patients were divided into two groups according to whether they had received a biological or mechanical
prosthesis. The groups with and without PPM present were compared with regard to baseline characteristics,
operative characteristics, survival, severe complications, freedom from angina and QoL up to 6 years of follow-
up. PPM calculation was performed using the EOA value provided by the manufacturer for every prosthesis
divided by the patient’s body surface area.

Results: The moderate-to-severe PPM rates were 69.8% and 3.7% after biological and mechanical prostheses
implantation, respectively. Patients with a biological prosthesis implanted had mean survival significantly
shorter in the PPM group (50.2 months, 95% confidence interval [CI] 45.2-55.3) when compared to the no-
PPM group (60.1 months, 95% CI 55.7-64.4) (p = 0.035). In the mechanical prosthesis group, there was no
difference in mean survival between the PPM group (66.6 months, 95% CI 58.3-74.9) when compared to the
no-PPM group (64.9 months, 95% CI 62.6-67.2) (p = 0.50). The physical score of the QoL questionnaire
was significantly lower in the PPM group when compared to the no-PPM group with a biological prosthesis
(39.4 4+ 8.4 vs. 45.7 + 10.1, p < 0.001) compared to patients with a mechanical prosthesis (43.9 + 9.4 vs.
46.9 £+ 8.3, p = 0.18).

Conclusions: PPM is common after biological valve implantation and significantly impacts long-term sur-
vival and QoL. If the risk of PPM after implantation of a biological prosthesis is suspected, prospective
strategies to avoid PPM at the time of operation are warranted.

Keywords: Patient-prosthesis mismatch, survival, quality of life, surgical aortic valve replacement, mecha-
nical prosthesis, biological prosthesis

ABBREVIATIONS AND ACRONYMS
AVR = Aortic Valve Replacement

PPM = Patient-Prosthesis Mismatch

QoL = Quality of life

EOA = Effective orrifice area

iEOA = Indexed effective orrifice area

SVD = Structural valve degeneration

TAVR - Transcatheter aortic valve replacement



INTRODUCTION

Patient-prosthesis mismatch (PPM) represents the mismatch between the prosthetic valve’s effective orifice
area (EOA) and the patient’s haemodynamic requirements.(1) Given the large heterogeneity of the patient
population, PPM is most commonly presented as EOA divided by the patient’s body surface area (BSA),
resulting in indexed EOA (iEOA) values. An iEOA between 0,85 cm? /m?and 0,65 cm?/m? is considered mo-
derate PPM, while an iEOA < 0,65 cm?/m? is considered severe PPM.(2) Furthermore, it can be calculated
as measured or predicted. If it is measured, it is usually done via a transthoracic echocardiography exam
before hospital discharge. However, this echocardiographer-dependent method is subject to diversity in fin-
dings. Also, it is flow dependent and may lead to overestimating PPM in a heart with a diminished ejection
fraction. To avoid these limitations, predicted PPM, which is calculated by using EOA values provided by
the manufacturer divided by the patient’s BSA, has been introduced to calculate PPM.(2, 3)

PPM leads to higher transprosthetic gradients that may impair mass myocardial reduction and impair func-
tional capacity and survival after aortic valve replacement (AVR).(4, 5) Several published studies advocate
the negative impact of PPM on survival.(6-9) Mild or moderate PPM is commonly found after AVR, ranging
from 20% to 70% (10), depending on the definition and method of calculation. The severity of PPM is the
primary determinant of its influence on clinical outcomes. Although severe PPM is most responsible for
worse long-term survival, it is found in less than 2% of all AVRs.(7)

Although a similar rate of valve-related complications has been reported after mechanical and biological
prostheses implantation, PPM is more frequently observed in a biological prosthesis. The impact of structural
valve deterioration in a biological prosthesis and the stable haemodynamic performance of a mechanical
prosthesis on PPM, and subsequently on survival, is yet to be determined.(11) Besides the impact of PPM
on survival, the question of the quality of life (QoL) of patients arises. Some authors claim that PPM after
AVR diminishes patients’ physical and mental capacities, especially in an elderly patient population.(9,
12) Overall, a mechanical prosthesis tends to have less PPM than a biological prosthesis, but the clinical
outcomes remain unclear.

This study aimed to investigate the impact of an implanted mechanical or biological prosthesis with PPM
on long-term survival and QoL after an isolated AVR procedure.

METHODS

Ethical approval

The ethical committee approved the study, and all patients signed the informed consent form (KH151/2020).
Study design

Between January 2015 and December 2020, 652 consecutive patients underwent an isolated AVR procedure at
the Clinical Centre of Serbia in Belgrade. This observational analysis included elective, urgent, and emergent
cases performed due to any pathology. Combined surgery was the exclusion criterion. Forty-six patients
refused to participate in research, while 11 patients were lost to follow-up (Fig. 1).

Patients were divided into two groups according to whether they had received a biological or mechanical
prosthesis. Furthermore, they were evaluated for the presence or absence of PPM. The groups with and
without PPM present were compared with regard to baseline characteristics, operative characteristics, sur-
vival, complications, freedom from angina and QoL up to 6 years of follow-up. The data were obtained from
medical records and via telephone surveys during the follow-up period.

Surgical procedure

The surgical procedures were done using cardiopulmonary bypass (CPB), and cardioplegic arrest was achie-
ved using a cold crystalloid cardioplegic solution. Standard median sternotomy, upper mini-sternotomy
through the fourth intercostal space or anterior mini-thoracotomy were used for the surgical approach.
The following mechanical prostheses were used: St. Jude Regent, St. Jude Masters (Abbott, Chicago, IL),



ATS Open Pivot (Medtronic, Minneapolis, MN), ONX (CryoLife Inc., Kennesaw, GA) and Carbomedics
(LivaNova, London, UK). The biological prostheses used in the study were as follows: Hancock (Medtronic,
Minneapolis, MN), Epic, Trifecta (Abbott, Chicago, IL), Crown (LivaNova, London, UK), Solo Smart (Li-
vaNova, London, UK) and sutureless Perceval S valve (LivaNova, London, UK). The choice of the implant
procedure was made according to the current guidelines and the surgeon’s discretion alongside the fully
informed patient.

Definitions and study endpoints

The data were extracted from our institutional Aortic Valve Registry, a prospectively maintained clinical
registry of all patients undergoing AVR or repair at our institution and double-checked for accuracy (M.M.
and A.M.). All operative survivors were followed up regularly and completed in 641 out of 652 patients
(98.3%). All clinically gathered data, including adverse events during follow-up and cause of death, were
registered and reported according to the standardized institutional protocol.

Patient prosthesis mismatch

PPM was defined as an iEOA < 0,85 cm?/m?. An iEOA between 0,85 ¢cm?/m? and 0,65 cm?/m? was
considered moderate PPM, while an iEOA < 0,65 cm?/m? was considered severe PPM. PPM calculation was
performed using the EOA value provided by the manufacturer for every prosthesis divided by the patient’s
body surface area (BSA). Patients with mechanical and biological prostheses were compared according to
the presence (iIEOA < 0,85 cm?/m?) or absence (iEOA > 0,85 cm?/m?) of PPM.

Quality of life survey

QoL was estimated using the QoL Short Form Survey (SF-12). The SF-12 is derived from the SF-36 Short
Form survey by scoring the responses of the mental and physical components of the study. The physical SF-12
component (PCS) investigates physical functioning, pain, and physical role, while the cognitive component
(MCS) summarizes mental health and social and emotional functioning. The results of these two components
were scored 0-100 by scoring the standard answers to standard questions, where higher scores represented
better mental and physical health.

Statistical analyses

Descriptive statistics were calculated for the baseline demographic and clinical features and treatment outco-
mes. Graphical and mathematical methods tested the normality of distribution. As appropriate, continuous
variables were presented as means with standard deviations or medians with 25*-75" percentiles. Catego-
rical variables were presented as numbers and percentages. Differences between groups were analysed using
Student’s t-test for continuous variables (or the Mann-Whitney test) and the Pearson chi-squared test for
categorical variables. Survival analysis was performed using the Kaplan-Meier method, and the groups were
compared using the log-rank test. In addition, Kaplan-Meier survival curves were truncated at a timepoint
in follow-up, when at least 10% of patients were still at risk, to avoid visual misinterpretation.(13) The
significance level was set at 0.05, and all testing was two-sided. Statistical analysis was performed using the
IBM SPSS Statistics for Windows, version 21.0. (Armonk, NY, USA) package.

RESULTS

Of the 595 patients enrolled, 159 (26.7%) of them received a biological prosthesis, while 436 (73.3%) received
a mechanical prosthesis. The baseline characteristics of patients with biological and mechanical valves are
presented in Table 1. Patients with biological valves were significantly older than patients with mechanical
valves (69.9 +7.7 years vs. 62.6 + 12.1 years, p < 0.001). A mechanical prosthesis was more frequently
implanted in men than a biological prosthesis (60.4% vs. 49.1%, p = 0.014). Also, in the mechanical prosthesis
group, 5.5% of patients had native valve endocarditis compared to 0.6% of patients in the biological prosthesis
group (p = 0.009). There was no statistically significant difference in the other preoperative characteristics
and demographics.



The operative characteristics are presented in Table 2. There was no significant difference between the
groups in EuroSCORE II, CPB or aortic cross-clamp times. Ejection fraction and mean ICU stay were
similar between groups. PPM (moderate and severe, iEOA < 0,85 cm?/m?) was present in 69.8% of patients
in the biological prosthesis group in comparison to 3.7% in the mechanical prosthesis group (p < 0.001)
(Table 3). Severe PPM (iIEOA < 0,65 cm?/m?) was present in 5.1% of patients in the biological group and
1.3% of patients in the mechanical prosthesis group, with a statistically significant difference (p < 0.001).
There was no difference in the number of redo surgeries or the frequency of postoperative endocarditis in the
follow-up period between the mechanical and biological prostheses groups. Freedom from angina at the time
of the latest follow-up was also similar between the groups (85.1 % vs. 88.8%, p = 0.28). The distribution of
prosthesis manufacturers and models in compared groups is shown in Table 4.

The median follow-up was 31.8 (1-74) months. When analysed overall for mechanical and biological prostheses
combined, mean survival was significantly shorter in the PPM group (57.0 months, 95% confidence interval
[CT] 51.9-62.2) when compared to the no-PPM group (65.2 months, 95% CI 63.1-67.4) (log-rank test p =
0.008) (Fig. 2). When data were analysed separately for biological prosthesis, mean survival was significantly
shorter in the PPM group (50.2 months, 95% CI 45.2-55.3) when compared to the no-PPM group (60.1
months, 95% CI 55.7-64.4) (log-rank test p = 0.035) (Fig. 3). Analysis of survival in patients who had a
mechanical prosthesis implanted did not show a difference in mean survival in the PPM group (66.6 months,
95% CI 58.3-74.9) when compared to the no-PPM group (64.9 months, 95% CI 62.6-67.2) (log-rank test p
= 0.50) (Fig. 4). Also, there was no statistically significant difference in baseline characteristics between the
PPM and NO PPM groups in both patients with mechanical or biological valves, especially in age, BSA and
body mass index.

The response rate for the QoL survey was 87.6 % for all patients enrolled in the study. The SF-12 ques-
tionnaire was analysed separately in patients with mechanical and biological prostheses (Table 5). There was
no significant difference between the physical and mental scores in patients with PPM and patients with
no-PPM who had a mechanical prosthesis. (43.9 + 9.4 vs. 46.9 &+ 8.3, p = 0.18). The physical score was
significantly lower in patients with PPM vs. patients without PPM in those with an implanted biological
prosthesis (39.4 + 8.4 vs. 45.7 + 10.1, p < 0.001) compared to those with an implanted mechanical prosthesis
(43.9 + 9.4 vs 46.9 + 8.3, p = 0.18), respectively. There was no significant difference between the mental
score in patients with PPM and without PPM, irrespective of the type of prosthesis (Table 5).

DISCUSSION

The present study analysed the impact of a mechanical or biological prosthesis with PPM on survival and
QoL after AVR. The significant findings include: (1) AVR with a mechanical prosthesis had markedly less risk
of PPM than AVR with a biological prosthesis; (ii) patients with moderate to severe PPM and an implanted
biological prosthesis are at the highest risk of long-term mortality; and (iii) patients with biological prosthesis
and PPM had impaired QoL up to 6 years of follow-up.

PPM is associated with a higher risk of poor outcomes after AVR, and its prevention is of paramount
importance when selecting a surgical heart valve for implantation.(14) Valve manufacturers provide iEOA
values as the most appropriate for predicting PPM after implantation.(15) A cut-off level of iEOA < 0,85
cm?/m? has been introduced to define moderate-to-severe PPM. In our study population, PPM was found
in 21.5% of all patients who underwent AVR. However, when analysed separately, 69.8% of patients with
biological valves implanted had PPM, while just 3.7% of patients with mechanical valves implanted had
PPM (p < 0,001).

The Quebec group brought PPM into the spotlight, publishing several studies that showed significantly
reduced long-term survival in those patients with PPM.(15, 16) The Toronto group confirmed their fin-
dings.(17) In a large study that enrolled 1856 patients with mechanical prostheses and 2275 patients with
biological prostheses implanted after AVR, the presence of PPM significantly reduced both short-term and
long-term survival. Our study supports these findings, showing lower survival in prostheses with PPM than
those without PPM. However, none of these studies distinguished outcomes by the presence of a biological or



mechanical prosthesis. Our study revealed lower survival with PPM remains for biological prostheses, while
PPM for mechanical prostheses did not affect survival or the physical component of QoL.

Hoffmann et al. analysed 632 patients with consecutive AVR procedures with only Hancock II biological
prostheses. PPM was present in 93.8% of patients, whereas 71% of patients had moderate and 22.8% of
patients had severe PPM.(12) The authors found no difference in 5-year survival within the groups with
and without PPM. Our study found a similar distribution of moderate PPM in the biological prosthesis
group, while severe PPM was found in only 5.1% of patients. Besides, patients with a biological prosthesis
and PPM had significantly lower survival after 6 years of follow-up than those without PPM. One potential
explanation for the observed differences is that our study included several biological prosthesis types and
complete follow-up. Sportelli et al. conducted an observational study that included 152 patients with both
mechanical and biological prostheses used for AVR.(4) The overall PPM rate was 53.%, while 11.7% of
patients had severe PPM. They reported no influence of the presence of PPM on survival after long-term
follow-up. However, no separate analyses for the biological and mechanical prostheses were reported. Finally,
Weber et al. revealed more frequent PPM in the biological prosthesis group than in the mechanical prosthesis
group. Still, they did not perform a survival analysis for this group.(11) Severe PPM was a rare occurrence
in our study, so it was not suitable for the subanalysis of this population. It should also be mentioned that
none of the listed studies included patients with the sutureless biological prosthesis as in our study.

Also, it should be mentioned that nearly 37% of the biological valves implanted in our study population
were Trifecta valves that had an issue of frequent SVD raised in a few previously published studies. However,
the prosthesis used in these studies was a previous Trifecta model, while in our study the new Trifecta GT
model was used. The clinical importance of this fact is yet to be determined.(18, 19)

Some studies that enrolled a small cohort have warned about the negative impact of PPM on QoL, especi-
ally on the physical component.(9, 20) As it is shown that PPM is associated with higher transprosthetic
gradients, it can be expected that, with physical exercise, a rise in the gradient can come close to the values
in mild and moderate native valve aortic stenosis.(21) The median values of the QoL measurements in the
present study were close to the normal values. The values of the QoL mental component did not show a
significant difference in both groups in patients with and without PPM. However, the physical component of
the questionnaire revealed significantly lower scores in patients with a biological prosthesis and PPM than
in those without PPM. In the mechanical prosthesis group, this difference was not observed. The freedom
from angina on follow-up also did not differ in the groups. These results are similar to those published by
Hoffman et al., who also found the difference only in the physical component of QoL, and Urso et al. (163
patients enrolled), who found lower physical scores in elderly patients.(12, 22) Sportelli et al. (152 patients
enrolled) and Reskovic Luksic et al. (46 patients included) failed to demonstrate the difference in the QoL
in patients that have PPM. Once again, neither of these studies performed subanalyses for biological and
mechanical prostheses.

As it is well known that perioperative results are affected mainly by the type of valve implanted, the
haemodynamic properties of each valve type can also influence the outcome. It is well known that, in every
biological prosthesis, structural valve degeneration (SVD) will happen to some extent over time. SVD in
prostheses with PPM with higher transprosthetic gradients could lead to further augmentation of gradients,
especially during exercise. On the other hand, the transprosthetic gradients remain the same over time in a
mechanical prosthesis.(23) Although the surgeon must strive to implant the largest valve possible if PPM is
suspected in a biological prosthesis, if it is not possible, then a mechanical valve, sutureless valve implantation
or the root enlargement procedure should be considered. The root enlargement procedure is also a debated
and contemporary issue. It can be safely performed but requires advanced experience of both the surgeon
and the centre. However, according to available publications, the volume of the procedures does not add to
the operative risk. (24) Also, as the valve in valve TAVR clinical use expands its indications rapidly, the size
of the implanted biological prosthesis should be carefully planned.

Study limitations



The present study has several significant limitations. First, the study was observational. More extensive
prospective randomized trials are needed to explore these results and their clinical application. Second, it
was performed in a single centre. Third, the response rate for the QoL survey was 87.6%, and data was not
available for all patients enrolled in the study. Finally, the present study results should be interpreted as
observational and hypothesis-generating only due to their exploratory data analysis nature.

CONCLUSIONS

PPM is common after biological valve implantation and significantly impacts long-term survival and QoL. If
the risk of PPM after the implantation of a biological prosthesis is suspected, prospective strategies to avoid
PPM at the time of the operation are warranted.
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TABLES

Table 1. Baseline characteristics of patients with a biological or mechanical prosthesis.

Biological n = 159 Mechanical n = 436  p-value

Age 69.9 + 7.7 62.6 + 12.1 0.001
Gender Male 78 (49.1) 262 (60.4) 0.014
Female 81 (50.9) 172 (39.6)
Body surface area 1.9 4+ 0.3 23+ 74 0.45
(m? + SD)
Body mass index 27.7 + 11.7 137 279 4+ 12.8 78 0.81 0.71 0.63

Aortic stenosis (86.1) 22 (13.9) (83.5) 72 (16.5)

Aortic

insufficiency

HTA 131 (82.4) 364 (83.5) 0.75
HLP 76 (47.8) 222 (50.9) 0.50
COPD 22 (13.8) 56 (12.8) 0.75
CKD 16 (10.1) 58 (13.3) 0.29
DM 39 (24.5) 94 (21.6) 0.44
Previous stroke 5(3.1) 18 (4.1) 0.58
Endocarditis 1 (0.6) 24 (5.5) 0.009

Values are presented as n (%) or mean + SD when indicated. * HTA - arterial hypertension, HLP -
hyperlipidaemia, COPD - chronic obstructive pulmonary disease, CKD - chronic kidney disease, DM -
diabetes mellitus, SD - standard deviation.

Table 2. Operative characteristics of patients with a biological or mechanical prosthesis.

Biological n = 159 Mechanical n = 436 p-value
EuroSCORE II 19+14 1.6 + 1.3 0.54
CPB time (min + 85.9 + 23.3 89.6 + 32.2 0.18
SD)
Aortic 61.6 + 18.4 62.4 + 24.2 0.16
cross-clamp time
(min 4+ SD)
Ejection fraction 589 + 134 58.5 + 12.2 0.42
(% + SD)



Biological n = 159

Mechanical n = 436  p-value

ICU time (days +
SD)

3.5+ 29

3.1+25 0.12

Values are presented as mean + SD. CPB - cardiopulmonary bypass, EuroSCORE II - European System for
Cardiac Operative Risk Evaluation II, ICU - intensive care unit, SD - standard deviation.

Table 3. Patient-prosthesis mismatch and follow-up.

Biological n

Biological n  Mechanical

=159 =159 n = 436 p-value p-value

PPM, 111 111 16 (3.7) 16 (3.7) 16 (3.7) < 0.001 < 0.001
moderate- (69.8) (69.8)
to-
severe
Survival 133 133 381 381 381 0.24 0.24

(83.7) (83.7) (87.3) (87.3) (87.3)
Endocarditis 4 (2.5) 4 (2.5) 2 (0.5) 2 (0.5) 2 (0.5) 0.071 0.071
Redo 3 (1.8) 3 (1.8) 5(1.2) 5 (1.2) 5(1.2) 0.53 0.53
surgery
Freedom 114 114 340 340 340 0.28 0.28
from (85.1) (85.1) (88.8) (88.8) (88.8)
angina

Values are presented as mean + SD. PPM - patient-prosthesis mismatch, SD - standard deviation.

Table 4. Distribution of prosthesis manufacturers and models in groups.

Mechanical prosthesis St. Jude Masters
(Abbott, Chicago, IL)

54 (12.4%)

St. Jude Regent (Abbott, Chicago, IL)

ATS OPENPIVOT (Medtronic, Minneapolis, MN)
ONX (CryoLife Inc., Kennesaw, GA)
Carbomedics (LivaNova, London, UK) Biological
prosthesis

Hancock II (Medtronic, Minneapolis, MN)

Epic (Abbott, Chicago, IL)

Trifecta (Abbott, Chicago, IL)

Crown (LivaNova, London, UK)

Solosmart (LivaNova, London, UK) Perceval S
(LivaNova, London, UK)

263 (60.3%)
102 (23.4 %)
8 (1.8%)
9 (2.1%)

6.9%)
18.9%)
37.1%)
11.9%)

1 (0.6%) 34 (21.3%)

Values are presented as n/N (%).

Table 5. SF-12 questionnaire among patients with a biological or mechanical prosthesis.



PPM NO PPM p-value
Mechanical Physical score 439 £ 9.4 46.9 + 8.3 0.18
prosthesis
Mental score 54.8 + 4.4 53.5 £ 5.9 0.43
Biological prosthesis Physical score 39.4 £ 84 45.7 £ 10.1 0.005
Mental score 53.9 £ 6.1 53.1 £ 8.1 0.51

PPM - Patient-prosthesis mismatch.
FIGURES LEGEND
Figure 1. Flowchart of patient enrolment in the present study. AVR - aortic valve replacement.

Figure 2. Cumulative survival in patients with PPM compared with those without PPM, irrespective of
the type of prosthesis. Values are Kaplan-Meier event rates with p-values from the log-rank test. PPM -
patient-prosthesis mismatch.

Figure 3. Cumulative survival in patients with PPM compared with those without PPM in patients who
had received a biological prosthesis. Values are Kaplan-Meier event rates with p-values from the log-rank
test. PPM - patient-prosthesis mismatch.

Figure 4. Cumulative survival in patients with PPM compared with those without PPM in patients who
had received a mechanical prosthesis. Values are Kaplan-Meier event rates with p-values from the log-rank
test. PPM - patient-prosthesis mismatch.

Six hundred forty-one
patients underwent isolated 641 patients
AVR between January 2015 screened

and December 2020.

Forty-six patients were lost
to follow up or were
unable/not willing to

participate in the survey.

595 patients
entered the
trial

The remaining patients that 436
met inclusion criteria were mechanical
divided into two groups. prosthesis AVR

159 biological
prosthesis AVR
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