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Abstract

OBJECTIVES: This study assesses quality of life in relation to prosthetic aortic valve selection and preferences for shared decision-making
among non-elderly adult patients after aortic valve replacement (AVR).

METHODS: A single-centre consecutive cohort of 497 AVR patients who underwent AVR between the age of 18 and 60 years was cross-
sectionally surveyed 1–10 years after AVR. Health-related quality of life (Short-Form Health Survey, SF-36), valve-specific quality of life,
patient experience with and preferences for involvement and final decision in prosthetic valve selection were investigated.

RESULTS: Two-hundred and forty patients (48%) responded. The median age was 57 years (range 26–70). Compared with the general age-
matched Dutch population, AVR patients reported worse physical health, but better mental health. Biological valve recipients reported
lower general health than mechanical valve recipients. Mechanical valve recipients had more doubts about the decision to undergo
surgery, were more bothered by valve sound, the frequency of doctor visits and blood tests, and possible bleeding, but were less afraid of
a possible reoperation. Eighty-nine percent were of the opinion that it is important to be involved in prosthetic valve selection, whereas
64% agreed that they actually had been involved. A better patient experience with involvement in prosthetic valve selection was associated
with better mental health (P = 0.036).

CONCLUSIONS: Given the observed suboptimal patient involvement in prosthetic valve selection, the broad patient support for shared
decision-making, and the positive association between patient involvement in prosthetic valve selection and mental health, tools to
support shared decision-making would be useful in the setting of heart valve replacement.
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INTRODUCTION

For non-elderly adult patients who require aortic valve replace-
ment (AVR), two types of valve substitutes are available: mechanic-
al and biological valves. Mechanical valves are designed to last a
lifetime but require lifelong anticoagulation due to their increased
thrombogenicity, resulting in an increased bleeding risk and an
increased risk of complications during pregnancy. Additionally,
patients may notice the typical mechanical valve closing sound.
Biological valves do not require long-term anticoagulation, unless
another indication is present. However, they are subject to valve
deterioration over time, and in particular younger patients may
require one or more reoperations later in life.

Additionally, valve repair is now becoming available for younger
patients with aortic regurgitation, and is currently being evaluated
[1]. Aortic valve repair is showing promise for use in younger
patients, but more long-term information is needed.

Several factors play a role in the selection of a prosthetic valve
type for AVR, such as patient age, life expectancy, valve durability,
haemodynamic properties, surgical risk and (contra) indications
for anticoagulation use. Furthermore, for non-elderly adult
patients, factors like an active lifestyle or a pregnancy wish should
be taken into consideration. Given the different nature of mechan-
ical versus biological prosthetic valve-related risks and benefits,
the 2014 ACC/AHA Valvular Heart Disease Guidelines state that
the choice of a prosthetic valve type should be a shared decision
process, whereas the 2012 ESC/EACTS guidelines highlight the im-
portance of considering informed patient preferences in prosthet-
ic valve selection (Class 1 indication) [2, 3].
Particularly younger patients who require AVR are facing a dif-

ficult choice given their long life expectancy and active lifestyle.
Prosthetic valve type may influence the quality of life of patients
although there is no consensus in the literature [4–7]. In this light,
we cross-sectionally investigated the quality of life in patients
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after AVR, who were between the age of 18 and 60 years at the
time of AVR in our institution. Since it has been shown in cancer
decision-making research that patient participation in clinical
decision-making may improve the quality of life [8], we addition-
ally investigated patient experience with involvement in pros-
thetic valve selection and preferences for involvement and final
decision in prosthetic valve selection in relation to observed
quality of life.

MATERIALS ANDMETHODS

This study was approved by the institutional review board
(Erasmus MC MEC no. 2012-163) and written informed consent
was obtained from all participants. Between 1 January 2001 and 3
December 2011, a total of 583 consecutive patients between the
age of 18 and 60 underwent AVR in our institution. The civil status
of all patients was checked through the civil registry. Patients who
were alive at the time of the study with an available postal address
(N = 497; 85%) were approached by mail and requested to com-
plete and return a postal questionnaire.

Information on patient characteristics, perioperative clinical and
procedural characteristics as well as events during follow-up
[gender, date of birth, preoperative NYHA class, date of surgery,
urgency of surgery, concomitant procedures, reoperation and
valve-related events (structural valve deterioration, non-structural
dysfunction, valve thrombosis, embolism, bleeding event and
endocarditis)] was collected from hospital records.

The questionnaire consisted of questions about educational
level, NYHA class, health-related quality of life, valve-specific
quality of life, patient experience with involvement in prosthetic
valve selection and preferences for involvement and final decision
in prosthetic valve selection.

Educational level and NYHA class were assessed with multiple
choice questions.

Health-related quality of life was assessed with the Dutch
version of the Short-Form Health Survey (SF-36) [9, 10]. This
questionnaire consists of 36 health-related questions, grouped
into eight domains: physical functioning, role limitations
because of physical health problems, bodily pain, general health
perceptions, vitality, social functioning, role limitations because
of emotional problems and general mental health. The Physical
Component Scale (PCS) is a summary scale consisting of the
physical functioning, physical role functioning, bodily pain and
general health scales. The Mental Component Scale (MCS) is a
summary scale composed of vitality, social functioning, emo-
tional role functioning and mental health indexes. Scale scores
are obtained by summing the items together within a domain,
dividing this outcome by the range of scores and then trans-
forming the scores to a scale from 0 to 100. The mean score of
the PCS and MCS is 50 with a standard deviation of 10. A higher
score represents a better health status [11].To compare quality of
life between the study patients and the general Dutch popula-
tion, the results of the MORGEN study were used [12]. Valve-
specific quality of life was assessed with seven valve-specific
questions [5].

Patient experience with involvement in prosthetic valve selec-
tion and their preferences for involvement and final decision in
prosthetic valve selection were assessed with multiple choice
questions and a Control Preferences Scale [13, 14]. For a detailed
description, see Supplementary Material 1.

Statistical methods

Continuous variables were displayed by the mean and standard
deviation if normally distributed and by the median and range if
there was no normal distribution. The distribution of the continu-
ous variables was tested using the Kolmogorov–Smirnov test.
Group comparison was done using the unpaired t-test or the
Mann–Whitney U-test in case of ordinal data or no normal distri-
bution.
Categorical variables were displayed as counts and percentages.

Group comparison was done using the χ2 test or the Fisher’s exact
test where appropriate.
The one-sample t-test was used to compare health-related

quality of life between the study population and the general Dutch
population.
A general linear model (GLM) with bootstrap method was used

to assess the association between time since surgery and: (i)
health-related quality of life, (ii) patient experience with involve-
ment in prosthetic valve selection and (iii) their preferences for in-
volvement and final decision in prosthetic valve selection.
The same method (GLM with bootstrap) was used to assess the

association between health-related quality of life and: (i) patient
experience with involvement in prosthetic valve selection and (ii)
their preferences for involvement and final decision in prosthetic
valve selection [15].
All tests were two-sided, and a P-value of 0.05 or lower was

considered statistically significant. All statistical analyses were per-
formed using IBM-SPSS 20 (IBM Corp., Armonk, NY, USA).

RESULTS

In total, 240 patients (48%) returned the questionnaire. These
patients received the following types of aortic valves prostheses:
190 mechanical valves, 26 bioprostheses, 19 allografts and 3 auto-
grafts. Two patients underwent an aortic valve repair. Bioprostheses,
allografts, autografts and aortic valve repair were combined to one
group called ‘biological valves’ for further analyses.
Perioperative clinical and procedural characteristics are presented

in Table 1. Patient characteristics at the time of the questionnaire are

Table 1: Perioperative clinical and procedural
characteristics

All
(N = 240)

Mechanical
(N = 190)

Biological
(N = 50)

Preoperative NYHA class, n (%)a

I 70 (30) 54 (30) 16 (32)
II 94 (41) 73 (40) 21 (42)
III 52 (23) 41 (23) 11 (22)
IV 15 (7) 13 (7) 2 (4)

Emergency surgery, n (%)
Yes 34 (14) 27 (14) 7 (14)
No 206 (86) 163 (86) 43 (86)

Concomitant procedures, n (%)b

Yes 109 (45) 79 (42) 30 (60)
No 131 (55) 111 (58) 20 (40)

an = 231.
bP < 0.05 mechanical valves versus biological valves.
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presented in Table 2. For a detailed description of the patient char-
acteristics by biological valve type, see Supplementary Material 2.
The 240 patients who returned the questionnaire were older com-
pared with non-responding patients [median age: 57 (range 26–70)
vs 54 (range 19–71) years, respectively; P = 0.003] and more often
males (73 vs 62%, respectively; P = 0.005). Five percent of the partici-
pating patients underwent a reoperation after their primary AVR,
and 6% experienced a valve-related event (2 paravalvular leak, 2
embolism, 4 bleeding and 6 endocarditis), with no difference
between mechanical and biological valve recipients.

Health-related quality of life is presented in Table 3. Compared
with the general age-matched Dutch population, AVR patients
scored lower on the PCS (P < 0.001), but higher on the MCS
(P < 0.001). A longer period from surgery was associated with a
higher MCS (P = 0.037). Other patient characteristics, perioperative
clinical and procedural characteristics and follow-up events were
not associated with quality of life. The results of the valve-specific
questionnaire are presented in Table 4.

Patient experience with involvement in prosthetic valve selec-
tion is presented in Table 5. There was no association between
time since surgery and patient experience with involvement in
prosthetic valve selection.
Patient preference for final decision in prosthetic aortic valve

selection is presented in Fig. 1. There was no association between
time since surgery and patient preferences for involvement and
final decision in prosthetic valve selection.
A better patient experience with involvement in prosthetic

valve selection was associated with a higher MCS (P = 0.036).
Patient preferences for involvement and final decision in prosthet-
ic valve selection were not associated with health-related quality
of life.

Table 3: Health-related quality of life (SF-36)a

All
(N = 240)

Mechanical
(N = 190)

Biological
(N = 50)

Physical functioning 49 ± 10 49 ± 10 49 ± 11
Role-physical 47 ± 15 47 ± 15 43 ± 16
Bodily pain 54 ± 10 54 ± 9 54 ± 10
General healthb 47 ± 11 48 ± 11 44 ± 12
Vitality 54 ± 10 55 ± 10 53 ± 10
Social functioning 50 ± 10 51 ± 9 48 ± 11
Role-emotional 49 ± 15 49 ± 14 48 ± 15
Mental health 53 ± 10 53 ± 10 52 ± 10
PCS 48 ± 10 48 ± 9 46 ± 12
MCS 53 ± 10 53 ± 10 52 ± 10

MCS: Mental Component Scale; PCS: Physical Component Scale.
aValues are mean ± SD.
bP < 0.05 mechanical valves versus biological valves.

Table 2: Patient characteristics at the time of the
questionnaire

All
(N = 240)

Mechanical
(N = 190)

Biological
(N = 50)

Males, n (%) 177 (73) 141 (73) 36 (72)
Age (years)a 57 (26–70) 57 (26–70) 58 (27–69)
Educational level, n (%)b,c

Less than high school 41 (17) 37 (20) 4 (8)
High school graduate 112 (48) 91 (49) 21 (44)
College graduate 69 (29) 48 (26) 21 (44)
Other 13 (6) 11 (6) 2 (4)

Time since surgery (years)a,c 7 (0–11) 6 (0–11) 10 (0–11)
NYHA class, n (%)d

I 145 (61) 117 (63) 28 (57)
II 66 (28) 53 (28) 13 (27)
III 21 (9) 14 (7) 7 (14)
IV 4 (2) 3 (2) 1 (2)

aValues are median (range).
bn = 235.
cP < 0.05 mechanical valves versus biological valves.
dn = 236.

Table 4: Valve-specific quality of life

All
(N = 240)

Mechanical
(N = 190)

Biological
(N = 50)

If I had to do it over again, would I make the same decision to have
surgery?a

Yes 71% 67% 84%
Probably 20% 23% 8%
I don’t know 6% 8% 2%
Probably not 1% 1% 2%
No 2% 2% 4%

Is there a valve sound that bothers me?a

Never 44% 35% 80%
Rarely 18% 21% 8%
Occasionally 26% 30% 8%
Frequently 6% 6% 2%
Always 7% 8% 2%

Following my valve surgery, the frequency of doctor visits and blood
tests bothers me.a

Never 49% 46% 61%
Rarely 16% 15% 18%
Occasionally 27% 30% 12%
Frequently 4% 5%
Always 4% 3% 8%

The possibility of complications due to my implanted valve concerns
me.
Never 43% 44% 39%
Rarely 28% 29% 25%
Occasionally 24% 21% 35%
Frequently 3% 3% 2%
Always 3% 3% –

I am concerned about possible bleeding caused by my anticoagulant
medication.a

Never 39% 31% 67%
Rarely 25% 27% 14%
Occasionally 28% 31% 16%
Frequently 6% 7% –

Always 3% 3% 2%
I am afraid that my valve may fail.

Never 57% 59% 49%
Rarely 23% 22% 27%
Occasionally 17% 15% 25%
Frequently 2% 2% –

Always 1% 2% –

I am afraid that I may need another valve operation.a

Never 45% 48% 33%
Rarely 27% 28% 23%
Occasionally 22% 21% 27%
Frequently 3% 2% 6%
Always 4% 2% 10%

aP < 0.05 mechanical valves versus biological valves.
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DISCUSSION

Non-elderly adult patients who require AVR are facing a complex
choice with regard to the type of valve prosthesis. Factors such as
potential desire to become pregnant, lifestyle and occupation,
cultural and social factors, other cardiac issues or multiple prior
operations need consideration in the selection of a prosthetic
valve [16]. Because prosthetic valve selection is a value-sensitive
decision that may have a great impact on quality of life, informed
patient preferences should be carefully considered in a shared
decision-making process [2, 3].

This cross-sectional study shows that in particular, mental
health is good in non-elderly adult AVR patients, while physical
health is worse compared with the general Dutch population.
As expected, valve-specific quality of life differs considerably
between mechanical and biological valve recipients, and is driven
by valve type-specific limitations.
This study also highlights that there is ample room for improve-

ment in the quality of decision-making in the setting of prosthetic
aortic valve selection: 9 of 10 patients find it important to be
involved in prosthetic valve selection, but only two-third of patients
actually feel involved, only 40% of patients feel that they received
insufficient information, and importantly: patient involvement is
associated with better mental health.
The present study shows that non-elderly adult AVR patients

have a good perceived quality of life. This is consistent with previ-
ous studies in young adults after valve replacement [17] and surgical
correction for congenital heart disease [18, 19]. Compared with the
general Dutch population, non-elderly adult AVR patients experi-
ence worse physical health, but better mental health. One might
hypothesize that AVR patients experience better mental health than
the general Dutch population due to the phenomenon of response
shift: patients have different internal standards and values after a
life-threatening experience, such as cardiac surgery [18, 20]. The
results of this study show that a longer period from surgery seems
to be associated with better mental health. This may be due to the
fact that patients get used to their life with a prosthetic valve, and
accept the limitations. In the literature, there is no consensus about
whether prosthetic valve type influences quality of life [4–7]. In our
study, biological valve recipients have more impairments in subject-
ive general health than mechanical valve recipients. The reason

Table 5: Patient experience with involvement in prosthetic valve selection

All
(N = 240)

Mechanical
(N = 190)

Biological
(N = 50)

Do you know there are different prosthetic valve types?
Yes 93% 92% 96%
No 7% 8% 4%

The doctor has involved me in prosthetic valve selection.
(Totally) agree 64% 62% 74%
Not agree/disagree 8% 9% 4%
(Totally) disagree 21% 23% 14%
Not applicable 17% 7% 8%

I know the risks and benefits of different prosthetic valve types.
(Totally) agree 73% 70% 82%
Not agree/disagree 8% 8% 4%
(Totally) disagree 16% 18% 10%
Not applicable 4% 4% 4%

I have received enough information to make a deliberate choice.
(Totally) agree 60% 59% 62%
Not agree/disagree 11% 11% 12%
(Totally) disagree 21% 22% 16%
Not applicable 9% 9% 10%

I think it is important to be involved in prosthetic valve selection.a

(Totally) agree 89% 87% 96%
Not agree/disagree 9% 10% 4%
(Totally) disagree 2% 3% –

I am satisfied with my prosthetic aortic valve.
(Totally) agree 89% 89% 92%
Not agree/disagree 8% 9% 6%
(Totally) disagree 3% 3% 2%

aP < 0.01 mechanical valves versus biological valves.

Figure 1: Displays patient preference for final decision in prosthetic aortic valve
choice. Differences between mechanical and biological valves (P < 0.01).
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for this difference remains to be elucidated. It may be that the
observed longer time since surgery and the increased anxiety
regarding the prospect of another valve operation among biological
valve recipients play a role.

The valve-specific questionnaire reveals that patients with a
mechanical valve have in retrospect more doubts about the deci-
sion to undergo surgery and are more disturbed by valve sound
and the frequency of doctor visits and blood tests, and more con-
cerned about bleeding. These differences can be explained by the
different nature of mechanical versus biological prosthetic
valve-related risks and benefits. Surprisingly, 12% of biological
valve recipients are disturbed by valve sound. A previous study,
reporting that 8% (n = 125) of patients with an aortic valve repair
or autograft implantation were bothered by valve sound, hypothe-
sizes that patients possibly exhibit a high degree of attention to
their heart function [5]. In our study, 19% of mechanical valve reci-
pients are afraid of valve failure and as much as 25% are afraid that
they may need another valve operation. Mechanical valves are
designed to last a lifetime and the risk of a reoperation after
mechanical valve implantation is much lower but not absent com-
pared with biological valves, so it is remarkable that a considerable
number of mechanical valve patients are afraid that their valve
might fail. Maybe this fear is due to a lack of information or the in-
ability to comprehend the information that was provided at the
time of surgery.

In this study, almost one-third of patients are of the opinion
that they did not receive enough information to contribute to a
deliberate choice. This confirms observations in other studies:
patients are often not well informed about the risks and benefits
associated with treatments [21, 22]. Well-informed patients are es-
sential for engagement in shared decision-making. Only when
patients understand the risks and benefits associated with the dif-
ferent treatment options, can they weigh these risks and benefits
in their own context and contribute to a deliberate choice. In this
respect, there seems to be room for improvement in the informa-
tion transfer to patients who face AVR. It is known that shared
decision-making improves patient understanding of the available
treatment options, increases the proportion of patients with realis-
tic expectations of risks and benefits, stimulates patient involve-
ment in decision-making and improves agreement between
patient values and treatment choices [23]. In the field of heart
valve disease, current clinical practice guidelines advocate shared
decision-making in prosthetic valve selection [2, 3]. Despite that,
the application of shared decision-making still remains a chal-
lenge. The vast majority of patients in the current study are of
the opinion that it is important to be involved in prosthetic valve
selection, whereas one-third of patients do not feel involved in
the decision-making process. This finding is in line with previous
research, showing that shared decision-making is not often
applied in daily clinical practice in a variety of medical conditions
[21, 22], and calls for tools for clinicians and patients to engage
in shared decision-making in their routine practice. The use of
a decision aid to support shared decision-making may be
particularly useful in this setting. A decision aid improves the
decision-making process by increasing knowledge, improving
risk communication, reducing decisional conflict, increasing
participation and increasing the chance that a patient receives
care that is in line with their personal values [23]. Perhaps fre-
quently, a clinician will bias the presentation of the treatment
options according to his or her opinion or ‘favourite’ procedure.
A decision aid encourages a clinician to present in a scientifically
unbiased manner.

Of course, preferences for involvement in prosthetic valve se-
lection may vary among patients. Biological valve recipients in this
study tend towards an active patient role than mechanical valve
recipients. This difference may be due to the fact that biological
valve recipients in this study are higher educated than mechanical
valve recipients as it is known that more educated patients often
prefer a more active patient role than patients with a lower educa-
tion [24]. Even if patients prefer a passive role in decision-making,
they should at least be informed about the pros and cons of the
different treatment options. Providing patients with information,
for example through a decision aid, also stimulates them to take a
more active role in decision-making [23].
Patient participation in cancer decision-making may improve

quality of life [8], and the present study also shows that perceived
involvement in prosthetic valve selection is associated with better
mental health. From cancer research, it is known that making
decisions regarding healthcare is important for patients and
patients prefer to have some control [25]. In the setting of pros-
thetic valve selection, a lack of patient involvement may cause un-
certainty which may have a negative impact on patient well-being.
In this study, standard aortic valve procedures were primarily

investigated because longer follow-up times were available. But of
course, other options, such as aortic valve repair, are gaining inter-
est and reportedly have good intermediate-term results, including
quality-of-life outcomes [1, 5].

Study limitations

This is a single-centre study that represents clinical practice in a
university hospital in the Netherlands. Questionnaires were com-
pleted 1–10 years after AVR. Due to this wide time range, the accur-
acy and completeness of the answers may have been influenced by
recall bias. Also, the wide time range ignores the fact that there may
be temporal trends in quality of life—as was found to be significant
for MCS—and patient experience with decision-making. Selection
bias may have occurred, because only 48% of the total population
responded and responding patients were older and more often
male compared with non-responding patients. With regard to
patient experience with involvement in prosthetic valve selection,
patients had the option to choose ‘not applicable’ in the question-
naire. This term could be misinterpreted by patients since several
patients chose the option ‘not applicable’ because their doctor had
made the decision with regard to prosthetic valve type. This also
applies to the questions about information provision. It is recom-
mended that the option ‘not applicable’ not be added to future
questionnaires. We did not ask mechanical valve recipients about
their compliance to anticoagulation therapy. Therefore, we were
unable to address the possible association between anticoagulation
adherence and quality of life and patient experience with decision-
making. Due to the observational character of the study, it is
possible that other factors may have influenced the association
between patient involvement and mental health.

CONCLUSIONS

Non-elderly adult patients after AVR experience impaired physical
health but better mental health compared with the general age-
matched population, and valve type-specific risks may influence
perceived health. Given the observed suboptimal patient involve-
ment in prosthetic valve selection, the broad support among
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patients for shared decision-making in the setting of prosthetic
valve selection, and the positive association between patient in-
volvement and mental health, tools to support shared decision-
making may be useful to improve the quality of decision-making.

SUPPLEMENTARY MATERIAL

Supplementary material is available at ICVTS online.
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