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ORIGINAL ARTICLE

Improved health-related quality of life in patients 6 and 12 months after
surgical aortic valve replacement

Riikka Henttunena, Mika Kohonenb and Jari Laurikkaa,b

aFinnish Cardiovascular Research Center Tampere, Tampere University, Tampere, Finland; bTampere University Hospital Heart Center,
Tampere, Finland

ABSTRACT
Objectives. Quality of life (QoL) is possibly the most important variable for the patient when subjective
results of heart procedures are evaluated. The purpose of this study was to analyze the change in the
quality of life 1 year after surgical aortic valve replacement (SAVR). Design. A Finnish single-center pro-
spective cohort intervention study was performed from 2013 to 2018. QoL was assessed with the EQ-
5D-3L VAS questionnaire before surgery and 6 and 12months after surgery. We used univariate ana-
lysis to assess the change in the number of people experiencing problems and logistic regression ana-
lysis to assess the patients’ characteristics on the change in QoL. Results. At one year follow-up,
patients’ quality of life improved in all EQ-5D dimensions. The greatest decreases in patients experi-
encing problems 12months after surgery occurred in the dimension “mobility” (–24.1% change in
reporting problems, p< .01), “self-care” (–32.9%, p< .01), and “pain or discomfort” (–25.7%, p< .01).
Before surgery mean of EQ visual analogue scale (VAS, from 0 to 100) was 63.0 (SD 17.7, n¼ 604), and
12months after surgery 81.2 (SD 13.8, n¼ 367, p< .001). In multivariable analysis, preoperative obesity
was associated with better quality of life (OR 3.39, 95% CI 1.007–11.439) in “daily activities” and
patients’ higher operative risk was associated with better “self-care” after surgery. Conclusions. SAVR
can improve the 1-year quality of life in all dimensions of EQ–5D and self-rated overall health (VAS).
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Introduction

Aortic stenosis is a disease of the aortic valve, and it produ-
ces symptoms and greatly limits an individual’s life expect-
ancy, if untreated. The three cardinal symptoms of aortic
stenosis are angina, syncope, and heart failure. However,
symptoms may vary, and limited exercise tolerance may be
the first symptom experienced by the patient. Restricted
blood outflow gradually damages the left ventricle, and the
early treatment with valve replacement is aimed at correct-
ing the symptoms and limitations [1].

Surgery provides relief from the hemodynamic constraint.
The evaluation of the results of aortic valve replacement
surgery often focuses on specific outcomes. Many studies
have focused on differences between biological and mechan-
ical prosthetic valves and studied mortality, morbidity, num-
ber of re-operations, and bleeding complications [2], but the
patient quality of life has been less often the main outcome
in these evaluations. The number of elderly people in open
heart surgery increases [3]. In elderly people, cardiac surgi-
cal procedures affect less the life expectancy or the risk of
future morbidity, but the relief of symptoms and improved
overall functional capacity may be of more value to the
patient [4].

Cardiac surgery requires modern and expensive technol-
ogy and therefore it is important that the limited resources
are directed to the best benefits to the patients. Standardized
assessments of the quality of life provide useful approaches
to view the patients’ perspectives [4]. The purpose of this
study was to evaluate the change in the quality of life after
surgical aortic valve replacement (SAVR).

Materials and methods

The study protocol was approved by the institutional ethics
committee (study ID R12265) and all the patients provided
written informed consent. The survey was filed on
ClinicalTrials.gov (NCT05220111).

Patients

This is a single-center prospective cohort intervention study
about the change in the quality of life (QoL) after open aor-
tic valve surgery with a one-year follow-up. The surgeries
included in this study were performed in Tampere
University Hospital in Finland during the years 2013–2018.
Finnish-speaking patients who underwent open aortic valve
surgery and filled in the questionnaire on quality of life
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were all included. The questionnaire form was filled in first
immediately preoperatively, and then at 6 and 12months
after aortic valve prosthetic surgery.

Non-participants were patients, who underwent an oper-
ation at the time of research but did not fill in the first, pre-
operative questionnaire and were therefore excluded from
the further analysis.

Quality of life measurements

QoL was measured with the EQ-5D-3L questionnaire [5],
which the patients filled in the hospital and later at home
when the questionnaire was mailed to them 6 and
12months after surgery. EQ-5D-3L has been widely used in
different sectors of health care research [6]. EQ-5D-3L is a
standardized measure of health status and consists of ques-
tions in five different dimensions and a visual analogue scale
(EQ VAS) of general well-feeling. Each dimension describes
a different aspect of health. Dimensions consist of questions
about “mobility”, “self-care”, “daily activities”, “pain or dis-
comfort”, and “anxiety or depression”. The three answer
options are “no problems”, “some problems”, and “extreme
problems”. EQ VAS records the patient’s self-rated health
on a vertical visual analogue scale, where the endpoints are
labelled “best imaginable health state” and “worst imagin-
able health state”. The Finnish translation of the question-
naire was used with permission from the Euro QoL Group.
The English version example of the EQ-5D-3L can be
viewed at https://euroqol.org/publications/user-guides/.

Statistics

Data were analyzed by comparing the preoperative values to
those at 6 or 12months after the operation. With normally
distributed values we report the mean with standard devi-
ation (SD). Variables were partitioned by age, sex, type of
operation, ejection fraction, EuroScore II, and BMI. Median
with interquartile range was used to analyze EQ VAS. Odds
ratio (OR) with 95% confidence intervals (95% CI) was used
when reporting the results of the logistic regression model.

In the analysis, responses to the studied dimensions of
QoL were dichotomized to “no problems” and “any prob-
lems” and analyzed as nominal variables. As an improve-
ment of health status, we measured the change from “any
problems” to “no problems”. Related-Samples Cochran’s Q-
test was used in analyses of dimensions and Friedman’s test
in VAS to compare the change of QoL between different
points in time. We also evaluated differences between par-
ticipants and non-participants using a t-test between those
groups, when the parameters were normally distributed.

We used multivariable logistic regression analysis of
dichotomized variables for determining, which factors had
significant, independent effects on dimensional and EQ VAS
score results. Covariates for analysis were patients’ physical
characteristics (age, sex, and body mass index), preoperative
cardiac function (ejection fraction, EF), and operative risk
status (EuroScore II). Also, EQ-5D dimensions were chosen
as nominal group covariates to assess the associations to the

overall quality of life measured as EQ VAS.
Hosmer–Lemeshow test was used to determine the goodness
of fit of the logistic regression model.

p-Values of 0.05 or less were considered statistically sig-
nificant. Statistical analyses were performed with IBM SPSS
Statistics version 25 (IBM Corp. Released 2017. IBM SPSS
Statistics for Windows, Version 25.0. Armonk, NY, USA).

Results

Response rate

Between the years 2013 and 2018 overall 625 patients
(71.0% of all 880 elective cases operated for SAVR) filled in
the preoperative questionnaire. Five hundred and twenty-
four (83.8%) of them returned the 6-month postoperative
questionnaire and 366 (58.6%) returned the 12-month post-
operative questionnaire. Response rate within the five
dimensions varied but only slightly.

Characteristics of study participants

Participants, operation types, and covariates are shown in
Table 1. The majority of the operations were isolated aortic
valve replacements, and secondary operation on the mitral
valve was included in 13.1% of patients and on the tricuspid
valve in 13.3% of patients.

In the 150 female and 273 male non-participant
patients, emergent operations counted for 13.0% of opera-
tions. When evaluating differences between the groups of
participants and non-participants, EuroScore2 was statistic-
ally significantly higher in non-participants (mean
EuroScore 2 being 3.43) than in participants (2.32, corres-
pondingly p< .05). With respect to other characteristics
(such as the age, serum creatinine level, ejection fraction,
aortic closure time, perfusion length, and patient weight)
there were no differences between the participants and the
non-participants.

Univariate analysis

The increase in EQ VAS scores over time after surgery was
seen throughout the data. Figure 1 shows patients’ overall
assessment of the quality of life (in VAS score) before and
after surgery. The mean preoperative VAS score was 63.0
(SD 17.7, n¼ 604), at 6-month postoperatively it was 77.6
(SD 14.8, n¼ 521) and at 12-months 81.2 (SD 13.8,
n¼ 367), respectively.

Table 2 shows the changes in the numbers of people
experiencing QoL-related problems in EQ-5D at 6 and
12months postoperatively.

The greatest postoperative reduction in the number of
participants experiencing problems occurred in the dimen-
sions of “mobility”, “self-care”, and “pain or discomfort”.
The number of participants, who experienced problems with
“daily activities” and “anxiety or depression” also decreased.
In the latter dimensions, the number of people experiencing
problems was small at the beginning and the percentage
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change thus was less. Compared to the preoperative situ-
ation, at 6months there was a decrease in the number of
people experiencing problems, but at 12months postopera-
tively the decline in the problems was greatest.

Multivariable analysis using logistic regression

Postoperative EQ VAS score improvement was analyzed in
the logistic regression analysis at 12months, and the results
by the dimensions of EQ-5D-3L are summarized in Table 3.
The improvement in the EQ VAS score was affected by
improved self-care and improved pain and discom-
fort status.

When individual dimensions were under investigation,
improved “mobility” was associated with an improved VAS
at 6months. In addition, high-risk patients (EuroScore 2>
5%) were more likely to gain a smaller VAS score
at 6months.

The patient-related and preoperative characteristics (age
group, sex, ejection fraction, body mass index class, and
EuroScore 2 rating) were included in the logistic regression
model as independent variables. Improvements in the 12-
month assessments (as compared to preoperative) of the
studied five dimensions were studied as dependent variables.
In general, our finding was that these preoperative charac-
teristics did not appear as predictors of improvement in the
QoL dimensions.

Higher classes of EuroScore 2 (2–5 and >5%), indicating
more risk in the operation, were associated with improved
self-care at 12months (EuroScore 2 2–5% indicating OR
1.793, CI 95% 1.020–3.150 and EuroScore 2 >5% OR 2.960,

Table 1. Participants and non-participants.

Participants in the study
Non-participants

Female Male Total (86 female, 176 male)

Number of patients 213 412 262
Age (mean with SD) 71.74 (SD 9.65) 67.25 (SD 10.9) 67.3 (SD 12.05)
Type of surgery n (%)
Surgical aortic valve replacement (SAVR) 189 (88.7%) 354 (85.9%) 229 (87.4%)
SAVR and mitral valve surgery 24 (11.3%) 58 (14.1%) 22 (12.6%)

SAVR and tricuspid valve surgery 29 (13.6%) 54 (13.1%) 31 (11.8%)
SAVR with CABG 38 (17.8%) 117 (28.4%) 73 (27.9%)
Timing of operation
Elective 206 (96.7%) 393 (95.4%) 249 (95.0%)
Urgent 7 (3.3%) 14 (3.4%) 10 (3.8%)
Emergency 0 (0.0%) 5 (1.2%) 3 (1.1%)

Body mass index, kg/m2 (mean with SD) 27.9 (SD 4.98) 28.6 (SD 16.8) 28.24 (SD 4.78)
Left ventricular ejection fraction in % (mean with SD) 61.58 (10.74) 56.56 (SD 10.9) 57.84 (SD 11.35)
Body surface area in m2 (mean with SD) 1.80 (0.18) 2.06 (0.19) 1.98 (SD 0.23)
EuroScore II risk score in % (mean with SD) 2.84 (SD 2.46) 2.17 (SD 2.28) 2.56 (SD 2.74)
Smoking (n, %)
Yes 8 (3.8%) 35 (8.5%) 18 (6.9%)
None 153 (71.8%) 214 (51.9%) 145 (55.3%)
ex-smoker 16 (7.5%) 83 (20.1%) 56 (21.4%)
n.a. 36 (16.9%) 80 (19.4%) 43 (16.4%)

Family history of CAD (n, %)
Yes 42 (19.7%) 82 (19.9%) 57 (21.8%)
None 95 (44.6%) 180 (43.7%) 123 (46.9%)
n.a. 76 (35.7%) 150 (36.4%) 82 (31.3%)

Hypertension (n, %)
Yes 129 (60.6%) 224 (54.4%) 155 (59.2%)
None 49 (23.0%) 126 (30.6%) 67 (25.6%)
n.a. 35 (16.4%) 62 (15.0%) 40 (15.3%)

Hyperlipidemia (n, %)
Yes 95 (44.6%) 184 (44.7%) 116 (44.3%)
None 72 (33.8%) 148 (35.9%) 100 (38.4%)
n.a. 46 (21.6%) 80 (19.4%) 46 (17.8%)

Diabetes (n, %)
Yes 32 (15.0%) 72 (17.5%) 48 (18.3%)
None 146 (68.5%) 276 (67.0%) 172 (65.6%)
n.a. 35 (16.4%) 64 (15.5%) 42 (16.0%)

CABG: coronary artery bypass grafting; n.a.: not available; n: number of patients.

Figure 1. EQ VAS score before and after surgery. Median with interquartile
range of EQ VAS scores of the patients’ self-rated health at preoperative, 6- and
12-month evaluations. The improvement of EQ VAS score is better at 6 and 12
months as compared to preoperative score in related-samples Wilcoxon signed
rank test.
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CI 95% 1.219–7.188, respectively. This was evident only later
in the recovery since higher EuroScore 2 was not recognized
as a significant predictor of improved self-care at 6-month
postoperative evaluation in the logistic regression
model (p¼ .064).

Also, overweight patients (with a BMI > 30 kg/m2) were
more likely to have an improved assessment in usual activ-
ities at both 6months (OR 3.790, CI 95% 1.293–11.110) and
12months (12-month OR 4.009, CI 95% 1.138–14.125)
after surgery.

Discussion

In this single-center one-year follow-up study we could
demonstrate improvement in quality of life in all five
dimensions of the EQ-5D-3L tool after surgical aortic valve
replacement. In addition, the overall patients’ self-rated
health on the visual analog scale (VAS) was higher after sur-
gery at 6 and 12months of follow-up. The improvement
was most remarkable in the dimensions measuring mobility,
self-care, and pain or discomfort. The improvement in indi-
vidual VAS scores was mostly related to improvements in
self-care and pain or discomfort when analyzed in logistic
regression analysis.

In the logistic regression model, we measured all the
QoL dimensions in relation to preoperative patient charac-
teristics. Interestingly, the higher operative risk was related
to the higher postoperative quality of life in the self-care
dimension. We also observed overweight patients to be
more likely to have an improved assessment of usual activ-
ities. We also examined the potential explanatory factors in
the change of QoL but none of the selected variables were
identified as predictive in our analyses. In the following
paragraphs, we summarize our findings and compare them
to other studies.

Higher operative risk

EuroScore 2 2–5% and >5% were related to the higher post-
operative quality of life in the self-care dimension. This
might reflect the general deviation from good health and
restrictions in daily life related to many of the risk factors
built into the EuroScore 2 risk model. On the other hand, it
reflects that patients with a higher risk of SAVR still might
benefit from the results of surgery, if the procedure is suc-
cessful. We did not analyze here if any deviations from nor-
mal recovery could have changed the result.

In logistic regression analysis, improved self-care and
improved status in relation to pain or discomfort were

Table 2. Change in the number of patients reporting problems.

Total No problems
Moderate
problems

Extreme
problems

Reporting any
problems

Change in
reporting problems p

Mobility
Preoperative 624 269 (43.1%) 355 (56.9%) 0 (0%) 355 (56.9%)
6months postoperative 524 325 (62.0%) 197 (37.6%) 2 (0.4%) 199 (38.0%) –18.90% <.01
12months postoperative 366 246 (67.2%) 120 (32.8%) 0 (0%) 120 (32.8%) –24.10% <.01

Self-care
Preoperative 624 351 (56.3%) 247 (39.6%) 26 (4.2%) 273 (43.8%)
6months postoperative 524 393 (75.0%) 123 (23.5%) 8 (1.5%) 131 (25.0%) –18.80% <.01
12months postoperative 366 326 (89.1%) 39 (10.7%) 1 (0.3%) 40 (10.9%) –32.90% <.01

Usual activities
Preoperative 623 564 (90.5%) 57 (9.1%) 2 (0.3%) 59 (9.4%)
6months postoperative 523 480 (91.8%) 40 (7.6%) 3 (0.6%) 43 (8.2%) –1.20% .573
12months postoperative 366 348 (95.1%) 17 (4.6%) 1 (0.3%) 18 (4.9%) –4.50% <.001

Pain/discomfort
Preoperative 620 252 (40.6%) 358 (57.7%) 10 (1.6%) 368 (59.4%)
6months postoperative 524 334 (63.7%) 185 (35.3%) 5 (1.0%) 190 (36.3%) –23.10% <.01
12months postoperative 123 242 (66.3%) 119 (32.6%) 4 (1.1%) 123 (33.7%) –25.70% <.01

Anxiety/depression
Preoperative 616 528 (85.7%) 85 (13.8%) 3 (0.5%) 88 (14.3%)
6months postoperative 524 470 (89.7%) 52 (9.9%) 2 (0.4%) 54 (10.3%) –4.00% <.01
12months postoperative 367 347 (94.6%) 20 (5.4%) 0 (0.0%) 20 (5.4%) –8.90% <.01

Number of patients (with %) by their reporting of symptom status in five dimensions of EQ-5D-3L. Reporting any problems indicates a sum of cases in moderate
and extreme problems categories. Comparisons and statistical testing have been performed in comparison to numbers of cases in preoperative quantities.

Table 3. Results of multivariable logistic regression analysis.

Covariate b Wald p OR CI 95%

Improved self-care 0.854 3.906 .048 2.349 1.007–5.477
Improved pain or discomfort 1.166 6.199 .013 3.21 1.282–8.039
Improved usual activities 1.14 1.175 .278 3.126 0.398–24.553
Improved mobility 0.023 0.003 .955 1.023 0.457–2.289
Improved anxiety or depression 0.392 0.371 .543 1.48 0.419–5.229

Multivariable logistic regression analysis of postoperative EQ VAS at 12months as dependent variable and the
dimensions of EQ-5D as explanatory (independent) variables.
Hosmer–Lemeshow test was used to determine the goodness of fit of the model with 6 d.f., p¼ .846.
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related to improved self-assessed general health (i.e. VAS
score) one year after SAVR, when compared to the effects
of other dimensions, such as mobility, usual activities, or
anxiety. It has been shown that physical components of
quality of life and vitality and general health have been bet-
ter after SAVR [7]. The improvement has been less when
the age or physical or mental components of quality of life
have been higher [8].

Obesity

Morbid obesity has been shown to be related to complica-
tions after cardiac surgery, and long-term quality of life has
been less than in less obese patients when CABG patients
were studied [9]. Still, it has been shown that also obese
patients benefit from cardiac surgery [9,10]. Therefore, our
results indicating that preoperative obesity was a favorable
factor in terms of later QoL in usual activities after SAVR
was novel and interesting.

Female sex

In earlier studies female sex has been shown to be related to
a less favorable quality of postoperative life in SAVR [11].
In general, as seen also in other studies, approximately one-
third of women have not gained improvement in their qual-
ity of life after cardiac surgery [12]. In our material, the
women experienced more often than men negative changes
in the QoL dimensions, especially in dimensions of pain
or anxiety.

Age

Age itself doesn’t preclude operative treatment of aortic
stenosis, since even symptomatic patients with higher age
benefit from valve procedures and can experience HRQoL
close to or better than the reference population [3,13]. The
selection of procedures should more concentrate on co-mor-
bidities than on age itself [3,13–15]. In our multivariate ana-
lysis, the patient’s age did not appear to be an independent
factor in changes in the quality of life dimensions EQ VAS.
This itself is an interesting finding and suggests, that higher
age automatically is not related to poorer QoL after SAVR.

Mental health

It has been noted that depression before valve surgery is
related to poorer outcomes in postoperative physical health
and that increased immediate postoperative depression
reflects worse outcomes also in the physical and mental
components of QoL [16]. This may even resemble post-trau-
matic stress disorder syndrome to some extent [17]. In our
study, the number of people, who experienced depression or
anxiety decreased after SAVR. This might reflect the
improved mobility and physical health of the respondents.

Aortic valve disease as an adaptative process

Symptomatic aortic valve disease seems to be an adaptive
process because patients mostly reported “no problems” in
usual activities before the surgical treatment. This may
explain, why the treatment did not show any major change
in this dimension in univariate analysis, but self-care was
still improved after 6 or 12months after SAVR. It is to be
noted, that these dimensions do not necessarily measure the
need for extraneous help outside the home or the need for
help in daily activities at home. Overall improvement, how-
ever, was remarkable in other dimensions we measured.

Strengths and weaknesses

One strength of our approach was that we used a well-estab-
lished questionnaire as a measurement of HRQoL. EQ-5D-3L
is a relatively comprehensive measure for the patients and
provides reliable results on dimensions of quality of life [6].
Our catchment area comprises 1.2 million inhabitants and
differential selection to cardiac surgical services is minor in
our country with well-functioning cardiac health care. Our
analysis also measured the inter-dimensional effects by con-
trolling their combined effects in the logistic regression multi-
variable model, thus pinpointing what dimensions mostly
affected the overall self-reported health improvement.
Surgical indications for SAVR have not changed dramatically,
so the results may be generalized to surgical populations of
similar ages. However, the increasing number of catheter-
based valve implantations may gradually change this.

The potential for selection bias we evaluated from our
database comprising all SAVR patients operated on during
the study. From there we can judge that no selection based
on sex or age was present. However, we have no systematic
research on the reasons why some patients did not partici-
pate in the study. Also, our legislation prevents us from
adhering to these reasons.

A permanent dilemma in measuring HRQoL is that the
measure is intra-personal and the subjective change over
time is not necessarily objectively the same for all partici-
pants. Also, the judgement of HRQoL in the patient is often
a “layman’s” view, and health care professionals might
evaluate the situation differently than the patient does.

Moreover, the HRQoL measurements tend to carry a
ceiling effect, where the sensitivity to small changes in QoL
does not necessarily appear as significant [18]. EQ-5D-3L
also suffers from this effect due to the limited number of
available options to choose from in each dimension and to
reduce this, a new EQ-5D-5L has been developed [19].
Unfortunately, when planning and starting this project, the
new 5-level option was not available, and we, therefore,
maintained the three-level measurements throughout the
study to be consistent.

Conclusion

In a conclusion, our research suggests that SAVR can
improve the 1-year quality of life and produces
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improvements in mobility, self-care, and pain and discom-
fort dimensions. Also, anxiety or depression as a dimension
in HRQoL was better, especially at 12months after surgery.
Of patient-related factors, only obesity was related to
improvement in daily activities 12months after surgery.
Similarly, the higher operative risk was related to improve-
ment in the self-care dimension. The overall improvement
in the VAS scale of QoL was evident in patients recovering
from SAVR. This was greatly affected by the increase in
QoL in the dimensions of self-care and pain or discomfort.
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