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ABSTRACT

Objective In patients with mild to moderate operative
risk, surgical aortic valve replacement (SAVR) is still the
preferred treatment for patients with severe symptomatic
aortic stenosis (AS). Aiming to broaden the knowledge of
postsurgical outcomes, this study reports a broad set of
morbidity outcomes following surgical intervention.
Methods Our cohort comprised 442 patients referred for
severe AS; 351 had undergone SAVR, with the remainder
(91) not operated on. All patients were evaluated using

the 6-minute walk test (6MWT), were assigned a New
York Heart Association class (NYHA) and Canadian
Cardiovascular Society class (CCS), with additional scores
for health-related quality of life (HRQoL), cognitive function
(Mini-Mental State Examination (MMSE)) and myocardial
remodelling (at inclusion and at 1-year follow-up). Adverse
events and mortality were recorded.

Results Three-year survival after SAVR was 90.0%. SAVR
was associated with an improved NYHA class, CCS score
and HRQoL, and provoked reverse ventricular remodelling.
The 6MWT decreased, while the risks of major adverse
cardiovascular events (death, non-fatal stroke/transient
ischaemic attack or myocardial infarction) and all-cause
hospitalisation (incidence rate per 100 patient-years) were
13.5 and 62.4, respectively. The proportion of cognitive
disability measured by MMSE increased after SAVR from
3.2% to 8.8% (p=0.005). Proportion of patients living
independently at home, having attained NYHA class |, was
met by 49.1% at 1 year. Unoperated individuals had a poor
prognosis in terms of any outcome.

Conclusion This study provides knowledge of outcomes
beyond what is known about the mortality benefit after
SAVR to provide insight into the morbidity burden of
modern-day SAVR.

INTRODUCTION

Aortic stenosis (AS) is the most common type
of valvular heart disease and its prevalence is
expected to double in the next two decades.'
There is no medical therapy to prevent the
natural progression of the disease, but aortic
valve replacement (AVR) improves survival
and relieves symptoms. Left unoperated,
patients who eventually become symptom-
atic face a dismal prognosis of up to 50%
mortality over 2 years.? American and Euro-
pean guidelines®* recommend AVR in case of

KEY QUESTIONS
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What is already known about this subject?

In patients with severe symptomatic aortic valve
stenosis (aortic stenosis), surgical aortic valve
replacement (SAVR) has been shown to improve
survival, relieve symptoms and increase quality of life.

What does this study add?

This study provides a broader-based insight into

what to expect after SAVR through a variety of
morbidity outcomes. This study describes current
standard care for patients with severe AS in low to
intermediate surgical risk who are referred to a tertiary
centre for evaluation of aortic valve replacement.

How might this impact on clinical practice?
The variety of treatment outcomes presented in

this study might prove valuable in the process of
shared decision-making between members of the
heart team and patients seeking advice based on
their preferences. A careful look at postsurgical
morbidity outcomes following SAVR in an era where
transcatheter aortic valve replacement is proposed
by some as the new standard of care, is much
needed. Knowledge of multiple patient-relevant
outcomes following SAVR is valuable for clinicians
seeking to engage in the ongoing adaptation towards
individualised patient care, and such data should
be taken into consideration when designing new
randomised trials.

severe, symptomatic AS, with surgical aortic
valve replacement (SAVR) being the standard
approach for patients with a low to interme-
diate surgical risk.” Multiple studies have
confirmed the beneficial effects of SAVR on
mortality, symptom relief and increased
quality of life at subsequent follow-up.’
7 However, morbidity outcomes are less
often reported. In modern medicine, indi-
vidualised patient care calls for increased
knowledge of outcomes so that patients
can have realistic expectations following
SAVR. The requirement for knowledge
of morbidity outcomes and future phys-
ical performance in the process of shared
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decision-making is imminent. With this study, we aim to
provide data on patient-relevant outcomes beyond what
is known, in an effort to improve decision-making as a
result. We report a broad set of morbidity outcomes and
measures of physical performance in patients with severe
AS referred for evaluation of AVR, reflecting modern-day
clinical practice at a single tertiary centre.

METHODS

Study design and patient population

Between May 2010 and March 2013, patients with severe
AS referred for evaluation for AVR were prospectively
included in an observational cohort in our tertiary centre
(Oslo University Hospital Rikshospitalet, Norway). Inclu-
sion criteria included age (>18 years), and the ability to
read and write Norwegian. Patients without severe AS,
unwilling participants, or patients with previous AVR or
percutaneous balloon valvuloplasty were excluded. Thir-
ty-eight subjects scheduled for transcatheter aortic valve
implantation were excluded due to the limited number
of transcatheter interventions performed during this
period. Severe AS was defined in accordance with current
guidelines.* In cases of a low-flow, low-gradient state, with
either preserved or reduced left ventricular ejection frac-
tion (LVEF), patients were further evaluated by low-dose
dobutamine stress and/or transoesophageal echocar-
diography. Coronary angiography was performed in all
patients before surgery. The heart team was blinded for
additional study data when routinely evaluating every
patient and deciding whether or not to operate. Partic-
ipants were assessed prior to a decision as to whether to
undergo SAVR (baseline) and at 1 year after interven-
tion or continued medical treatment (follow-up). After 5
years, mortality data were obtained from the Norwegian
National Cause of Death Registry, resulting in a complete
3-year follow-up for all patients. The Regional Committee
for Ethics in Medicine approved the study protocol, which
also complied with the Declaration of Helsinki, and was
registered in Clinicaltrials.gov (NCT01794832).

Clinical data collection at baseline and 1-year follow-up

Data collected at baseline and follow-up comprised clin-
ical and physical examinations including resting blood
pressure, a standard resting 12-lead ECG, peripheral
blood sampling and transthoracic echocardiography.
The Charlson Comorbidity Index was calculated by the
Canadian Stroke Network online calculator (http://
www.strokengine.ca/assess/cci/), and the operative risk
by the Euro(II)SCORE (Euro(II)SCORE, FEuropean
System for Cardiac Operative Risk Evaluation) (http://
www.euroscore.org/calc.html). Functional status and/
or symptoms of exertional dyspnoea or angina were
assessed using the New York Heart Association functional
class (NYHA) and the Canadian Cardiovascular Society
(CCS) grade. Functional performance was assessed by
the 6-minute walk test (6MWT). Questionnaires provided
data forhealth-related quality of life (HRQoL), cognition

(the Mini-Mental State Examination (MMSE), current
living conditions and degree of independence.

Transthoracic echocardiography

Echocardiography was performed using Vivid 7 or E9
ultrasound scanners (GE Vingmed Ultrasound, Horten,
Norway). The severity of aortic valve stenosis was assessed
by continuous wave Doppler through multiple acoustic
windows in order to obtain the maximal jet velocity.
Maximal instantaneous and mean pressure gradients
across the aortic valve were measured using the time
velocity integral, and the aortic valve area was estimated
using the continuity equation. The modified biplane
Simpson was used to calculate LVEF.

Measures of physical function, HRQoL and cognitive ability
In addition to functional status (NYHA) and performance
(6MWT), we report a favourable composite endpoint
comprising thatproportion of patientswith astatus of NYHA
I who lived independently, in their own house. For assess-
ment of HRQoL, two generic instruments were included:
the Short Form36 version 2 Health Survey (SF-36v2)and
EuroQol 5-Dimension (EQ-5D). The SF-36v2 generates
two summary scales: Physical Component Summary (PCS)
and Mental Component Summary (MCS). The EuroQol
visual analogue scale (EQ-VAS) is an interval scale ranging
from 0 to 100, with 100 indicating the best possible state
of health. Patients were asked to rate their health status
using this scale visualised as a thermometer. MMSE is an
interview-based test on cognitive ability where any score
above 25 (out of 30)® indicates normal cognition, that is,
no cognitive dysfunction.

Adverse clinical events and hospitalisation

We reviewed the medical records for all patients in the
year following study inclusion. Data on adverse events
(AEs) and hospitalisation were collected from patients'
operating and local hospitals. To avoid missing data, we
also registered codes for diagnoses and procedures.

Statistical methods

Descriptive statistics are provided as means with SD,
or medians with IQR, as appropriate. To compare the
operated and unoperated patients, y? tests were used
for categorical data, with t-tests or Mann-Whitney test
for continuous variables, where appropriate. Analyses
of changes from baseline to follow-up were performed
using y? tests, or paired t-tests, again as appropriate.
Cox regression analyses were performed to examine
the associations between baseline variables and the risk
of all-cause 3-year mortality, or the composite endpoint,
major adverse cardiovascular events (MACE; all-cause
mortality, non-fatal transient ischaemic attack (TIA)/
stroke or myocardial infarction (MI)), within a l-year
time frame following inclusion. Baseline variables
included in multivariate analyses were selected based on
existing litterature*® (online supplementary table 2 and
online supplementary table 3). Time-to-event analyses
were performed with the use of Kaplan-Meier estimates
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Figure 1
valve implantation.

and compared with using the log-rank test. Data were
analysed using STATA V.14. A p Value (two-sided) of less
than 5% was considered statistically significant. A full
description of the statistical analysis is included in the
online supplementary material.

RESULTS

Clinical characteristics

Of 573 consecutively registered eligible patients, 68
declined participation, 5 received other diagnoses, 20 had
moderate AS, and 38 were excluded following referral for
TAVR (figure 1). Among the 442 included patients, 91

Patient flow diagram. MT, medical treatment; SAVR, surgical aortic valve replacement; TAVI, transcatheter aortic

(20.6%) did not undergo surgery, either because of a lack
of symptoms (n=34), a high risk-benefit ratio (n=37) or
refusal (n=20); the remainder, 351 (79.4%), underwent
SAVR by standard full sternotomy. After referral, 3 patients
died while awaiting SAVR. The transfusion rate (>4 units
of red packed cells) was 17.5%. Among 17 (4.9%) patients
staying >48 hours in intensive care, the median stay was 5
days (IQR: 3-8 days) and they were intubated for a median
of 2.6hours (IQR: 1.3-13.4hours). Among those oper-
ated on, 279 (80.2%) received bioprosthetic valves, with
concomitantbypasssurgery performedin 103 (29.6%). For
operated patients, the median (IQR) stay before transfer
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was 3 (3—4) days, and the time spent for continued postop-
erative recovery in local hospitals was 6 (4-11) days. After
being discharged from their local hospitals, 21 (6.0%)
patients were readmitted to receive care for either medi-
astinal or sternal wound-healing problems. A total of 304
(86.6%) operated and 57 (62.6%) unoperated patients
attended 1-year follow-up at our centre (figure 1). Non-at-
tenders in both groups were generally more comorbid,
had higher serum levels of biomarkers, more symptoms
and used more medication at baseline (online supple-
mentary table 1). Baseline characteristics demonstrate
that patients who underwent SAVR (vs those not operated
on) were younger, had a higher body mass index, diastolic
blood pressure, NYHA and CCS class (both worse), fewer
comorbidities (heart failure, atrial fibrillation, diabetes
mellitus and kidney disease), used less medication
(diuretics, warfarin and digitalis), had a lower Charlson
Comorbidity Index score and Euro(II)SCORE (table 1).
Echocardiography demonstrated higher cardiac output,
aortic peak velocity and aortic mean gradient in operated
patients, while estimated valve areas were comparable for
both groups. Biochemical analyses revealed higher serum-
haemoglobin and estimated glomerular filtration rate,
while serumcreatinine, N-terminal pro-brain natriuretic
peptide (NT-proBNP) and high-sensitive troponin T were
lower in operated versus unoperated patients. In addi-
tion, operated patients scored higher (better) for HRQoL
(PCS, EQ-5D index score), walked further on the 6MWT
and had higher mean MMSE compared with unoperated
patients at baseline.

Survival, symptom improvement and quality of life

Overall survival 3 years after SAVR was 90%. Thirty-day
mortality was <1%. Survival curves for operated and unop-
erated patients are displayed in figure 2. Compared with
patients who underwent isolated SAVR, 3-year mortality
was not significantly different in those who underwent
concomitant bypass surgery (p=0.626). Among unoper-
ated individuals, the 3-year mortality was 48.4% (29.5%
in patients without symptoms, 67.6% in high-risk patients
and 45.0% in patients refusing intervention). In mult-
variate cox regression analyses, higher age (HR: 1.05, CI
1.01 to 1.10, p=0.003) and LVEF (HR: 0.97, CI 0.94 to
1.00, p=0.012) were associated with death among those
operated on, whereas in unoperated patients LVEF
(HR: 0.97, CI 0.95 to 1.00, p=0.044) and coronary artery
disease (CAD) (HR: 2.18, CI 1.10 to 4.32, p=0.025) were
associated (online supplementary table 2). At follow-up,
1 year after surgery, symptoms were significantly decreased
(less), with 75% and 46% of patients improving by at
least one class for NYHA and CCS, respectively (table 2,
figure 3). Self-perceived physical HRQoL, as measured
by PCS, improved significantly in operated patients,
while remaining unchanged among unoperated patients.
Furthermore, overall general HRQoL, as assessed by the
EQ-5D UK index score and EQ-VAS, improved among
operated patients, with no change observed for unoper-
ated patients (table 2).

Adverse events and hospitalisation

The composite of cardiovascular AEs as defined by
MACE was met by 43 (12.3%) patients in the year
following SAVR, and the incidence rate (IR) per 100
patient-years was 13.5 (table 3, figure 4). Among unop-
erated patients, 21 (23.1%) experienced MACE (IR:
26.3). CAD was the only covariate in multivariate cox
regression analyses to have an association with MACE in
operated patients (HR: 2.06, CI 1.09 to 3.89, p=0.027)
and unoperated patients (HR: 3.94, CI 1.44 to 10.77,
p=0.002) (online supplementary table 3). Although the
number of AEs was similar in both groups, the IR for
antibiotic-requiring infections was twofold greater in
the operated group (IR: 47.2) versus the unoperated
group (IR: 18.9) (p=0.0001). Conversely, the number
of MIs was lower among operated (IR: 1.2) than unop-
erated (IR: 12.1) patients (p<0.0001). Rehospitalisation
within 30 days of discharge occurred more often for
operated than unoperated patients (26% vs 2%,
p<0.0001). However, for all hospitalisations within the
first year, the median length of stay was longer among
unoperated than operated patients (14 days (6-24) vs 6
(3-14), p=0.002). The number of patients hospitalised
at least once during the l-year observation period was
148 (42.2%) for the operated group versus 41 (45.1%)
for the unoperated group (p=0.411).

Measures of functional performance, independence and
cognitive ahility

Changes in functional performance and cognitive ability,
from baseline to 1-year follow-up, are displayed in table 2.
After SAVR, the mean walking distance on the 6MWT
test decreased from baseline to follow-up by 26 m (base-
line: 466+123 mvs follow-up: 444+132 m, p=0.0001).
At follow-up, 95.0% of operated and 89.8% of unoper-
ated patients lived in their own home (p=0.146). The
proportion of operated patients experiencing a favour-
able composite of function and independence (living
alone, without minor or major assistance and functional
in NYHA class I) increased significantly from baseline to
follow-up, although this was only attainable for almost half
of the patients (16 of 289 (5.5%) vs 142 of 289 (49.1%),
p<0.0001) (table 2).

The proportion of patients developing a cognitive
disability as defined by a cut-off of 25 points or less®
on the MMSE increased significantly when retested at
follow-up (baseline 3.2% vs follow-up 8.8%, p=0.005).
And although the mean values at baseline and 1-year
follow-up were above the cut-off, there was a decrease in
the mean MMSE score from 28.4 to 28.1 (p=0.032).

Geometry and function of left ventricle

The results indicate that wall thicknesses were decreased
and LVEF increased for operated patients at follow-up.
In contrast, no significant changes in geometric measure-
ments or LVEF were observed in unoperated patients
(table 2).
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Variables All patients, n=442  Surgical AVR, n=351 Unoperated, n=91 p Value

Mean age, years 74+11 73+10 81+9 <0.0001

Married or partner, n (%) 270 (65) 223 (67) 47 (58) 0.139

Medical history, n (%)

Heart failure 28 (6) 17 (5) 11(12) 0.011

Diabetes mellitus type I and Il 48 (11) 31(9) 17 (19) <0.007

Kidney disease 25 (6) 15 (4) 10 (11) 0.013

Clinical findings

~
~
+

—_
N
~
~
+

—_
N

Diastolic blood pressure, mm Hg 74+13 0.026

Medication, n (%)

ACE inhibitor/ARB 178 (40) 135 (38) 43 (47) 0.262

Statin 233 (53) 192 (55) 41 (46) 0.101

Warfarin 90 (20) 61(17) 29 (32) 0.002

Digitalis 31(7) 19 (5) 12 (13) 0.010

0 177 (40) 150 (43) 27 (30)

>3 52 (12) 31(9) 21 (23)

Euro(I)SCORE, median =+ IQR 2(1-4) 2(1-4) 4 (2-8) <0.0001

Class | 48 (11) 21 (6) 27 (30)

Class lll/IV 189 (43) 154 (44) 35 (38)

Score 0 251 (57) 186 (53) 65 (71)

Score 3—4 28 (6) 21 (6) 7(8)

SWTd, cm 1.1+0.2 1.1+0.2 1.1+0.2 0.472

PWTd, cm 0.9+0.1 0.9+0.1 0.9+0.1 0.504
Continued
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Table 1 Continued

Variables All patients, n=442 Surgical AVR, n=351 Unoperated, n=91 p Value
Cardiac output, L/min 4,9+1.2 49+1.2 4.6+1.3 0.034
Aortic peak velocity, m/s 4.7+0.8 4.7+0.8 4.5+0.7 0.021
Aortic mean gradient, mm Hg 55+18 56+18 51+18 0.013
Aortic valve area, cm? 0.7+0.2 0.7+0.2 0.7x0.2 0.253

Biochemical values
Haemoglobin, g/dL 13.6+1.6 13.8+1.5 13.1£1.9 0.0004
Blood platelets, 10%L 251+70 251+68 248+79 0.668
hs-CRP, mg/L 5.1+9 4.7+8 6.6+12 0.085
HbA1c, % 5.9+0.8 5.9+0.7 6.0+1.0 0.186
Creatinine, pmol/L 87+29 85+28 93+31 0.027
eGFR, mL/min 74+33 78+32 58+29 <0.0001
NT-pro-BNP, pmol/L, median (IQR) 91 71 192 <0.0001

(33-234) (30-178) (58-402)

hs-TnT, ng/mL, median (IQR) 14 (10-25) 12 (10-22) 19 (12-38) <0.0001

Quality of life
Summary PCS 39+11 39+10 36+13 0.009
Summary MCS 5011 5011 48+14 0.337
EQ-5D UK index score 0.72+0.22 0.73+0.21 0.65+0.27 0.001
EQ-VAS score 59+22 60+21 56+24 0.090

6-Min walk test, m 446+133 460+127 374+144 <0.0001

MMSE score 28.1x2.4 28.4+2.0 27.0+£3.5 <0.0001

Plus—minus values are means+SD. p Values for comparison between operated and unoperated patients.

ARB, angiotensin receptor blocker; AVR, aortic valve replacement; CCS, Canadian Cardiovascular Society; eGFR, estimated glomerular
filtration rate (Cockcroft-Gault formula); EQ-5D UK, EuroQol 5-Dimension United Kingdom; Euro(ll)SCORE, European System for Cardiac
Operative Risk Evaluation; HbA1c, haemoglobin A1c; EQ-VAS, EuroQol visual analogue scale; hs-CRP, high-sensitive C-reactive protein; hs-
TnT, high-sensitive troponin T; LVEF, left ventricular ejection fraction; LVIDd, left ventricular internal dimension at end diastole; MCS, Mental
Component Summary; MMSE, Mini-Mental State Examination; NT-proBNP, N-terminal pro-brain natriuretic peptide; NYHA, New York Heart
Association; PCS, Physical Component Summary; PWTd, posterior wall thickness at end-diastole; SWTd, septal wall thickness at end-

diastole.

DISCUSSION

In this prospective cohort, it was confirmed that for
patientswith severe ASand low and intermediate surgical
risk, SAVR provides symptom relief, improve HRQoL,
provoke reverse ventricular remodelling and is associ-
ated with a significant survival benefit at subsequent
follow-up. Although the aforementioned outcomes have
been reported in numerous previous studies, there are
few reports describing morbidity and hospitalisation
following SAVR. Postsurgical incidences of AEs after
SAVR have been reported in large registry studies,’ in
high-risk patients'” and elderly subjects.!' Results in this
cohort provide such data in patients with low to inter-
mediate surgical risk. In this study, more than a quarter
of patients underwent a rehospitalisation within 30
days of postsurgical discharge, and about one-third
were subjected to antibiotic-requiring infections in the
year following surgical intervention. Interestingly, these
numbers were higher than for unoperated patients who
were significantly older and had more comorbidities.
Moreover, the risks of all-cause hospitalisation during

the first year were comparable between the two patient
groups, suggesting that the postoperative rehabilitation
and hospitalisations related to the intervention consti-
tute a non-negligible morbidity burden in the first
postoperative year. As demonstrated in table 3, among
the registered AEs, antibiotic-requiring infections were
the leading cause of all-cause hospitalisation during the
first year after SAVR. On the basis of our retrospective
analysis of AEs, we cannot conclude whether these infec-
tions (mainly pneumonias) had a strong indication for
initiating antibiotic treatment, but nevertheless these
events made a considerable contribution to the overall
morbidity. In terms of cerebrovascular events, the inci-
dences of TIA and stroke in our cohort were somewhat
higher than was reported during the l-year follow-up in
a cohort study of Wenaweser et al,'” where patients had
considerably higher surgical risk. This finding suggests
closer preoperative attention to risk factors.

Although most patients view survival as their main
outcome when deciding to accept the risk of under-
going heart surgery, some may be concerned with
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Surgical AVR

Unoperated patients

Unchanged
NYHA class Unglaa:fed
Improved
75 %
n =269
Improved
CCS class 46 %

Worse
2%

n=283

Unchanged
71 %

n=236

Figure 2 Change in symptoms in operated and unoperated patients 1 year following evaluation of surgical AVR. Pie charts
display change from baseline to follow-up in NYHA and CCS class for operated and unoperated patients who had data on both
time points. Improvement or worsening is defined as at least one class change. AVR, aortic valve replacement; CCS, Canadian

Cardiovascular Society; NYHA, New York Heart Association.

other outcomes, such as the independence from home
nursing. To address this, we report the proportion
of patients attaining the composite of being symp-
tom-free (NYHA class I) and having reclaimed their
independence of daily life at 1-year follow-up. At base-
line, 5.5% of operated patients attained this composite
and 49.1% at follow-up, suggesting that the chances
of reclaiming symptom-free daily life are relatively
high, but not attainable for all patients after SAVR.
Another more commonly reported measure of func-
tional status is NYHA, which has several limitations
and is proposed to neither be a true reflection of func-
tional capacity nor functional performance, as several
factors influence individuals' daily life.'” In this study,
the 6MWT and NYHA were measured, and interest-
ingly the two measurements diverged. Although there
was a significant improvement in the NYHA classifica-
tion, the 6MWT distance was decreased compared with
baseline performance. Although one might expect a
stronger correlation between improvement in NYHA
and the 6MWT, these instruments measure concep-
tually different aspects of physical function and their
correlation coefficient is weak."”” Other than method-
ological errors, this rather unanticipated finding may
be explained by a restrain of physical performance

due to an abnormal tissue calcification of the entire
cardiovascular system,'* a pathological process that may
persist to inhibit walking performance on the 6MWT 1
year after valve replacement.

Despite the AEs, operated patients reported an
increased mean PCS, EQ-5D UK index and EQ-VAS 1
year after SAVR. One study proposed that a meaningful
change in the PCS is 4-7 points," which translates into an
improvement for operated patients and a non-significant
decline for unoperated patients. Compared with SF-36v2,
the EQ-5D is primarily a supplementary tool because
of its low sensitivity."® Nevertheless, changes reported
in this cohort suggest an overall improvement in oper-
ated patients and no change among unoperated patients.
The mean MMSE score decreased in both groups at
follow-up, but without reaching a ‘meaningful change’
of 2—4 points."” However, the proportion of operated
patients who scored >25 points was significantly increased
at follow-up, suggesting a non-negligible consequence of
SAVR on cognitive function.

The survival benefit of undergoing SAVR for patients
with severe symptomatic AS has been established by
previous studies.”® The 90.0% survival rate at 3 years
reported in this study is slightly higher than is reported
in other comparable cohorts. In a recent publication,"
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Table 2 Changes in symptoms, functional performance, echocardiographic measurements, patient-reported outcomes,
cognitive ability, current living conditions and degree of independence from baseline to 1-year follow-up among patients with

results on both time points

Surgical AVR Unoperated
Paired* BL FU p Valuet  Paired* BL FU p Valuet
NYHA class 269 (76.7) <0.0001 36 (39.6) 0.756
I 15 (5.6) 188 (69.9) 11 (30.6) 12 (33.3)
I 142 (5.8) 62 (23.0) 15 (41.7) 12 (33.3)
lhor v 112 (41.6) 19(7.1) 10 (27.7) 12 (33.3)
CCS class 283 (80.6) <0.0001 35 (38.5) 0.355
0 152 (53.7) 272 (96.1) 28 (80.0) 30 (85.7)
lorll 115 (40.6) 10 (3.5) 5(14.3) 5(14.3)
llhor IV 16 (5.7) 1(<1) 2(.7) 0(0)
6-Min walk test distance, m 217 (61.8) 466+123 4444132 0.0001 23 (25.3) 412+171 369+141 0.046
Echocardiography 254 (72.4)
SWTd, cm 1.1+0.2 1.0+0.2 <0.0001 51 (56.0) 1.2+0.2 1.2+0.2 0.913
LVIDd, cm 5.0+0.6 4.9+0.5 <0.0001 51 (56.0) 4.9+0.6 4.9+0.7 0.391
PWTd, cm 0.9+0.1 0.8+0.1 <0.0001 51 (56.0) 0.9+0.1 0.9+0.2 0.924
LVEF, % 56.6+8.5 58.1+8.0 0.001 50 (54.9) 56.3+11.2  55.1+11.7  0.302
Patient-reported outcomes
PCS 231 (65.8) 40+10 47+11 <0.0001 33(36.2) 37+13 34+12 0.064
MCS 231 (65.8) 5111 51+12 0.957 33 (36.2) 49+13 46+14 0.208
EQ-5D UK index score 260 (74.0) 0.74+0.2 0.79+0.2 0.01 45 (49.5) 0.69+0.3  0.62+0.2  0.13
EQ-VAS 245 (69.8) 6121 73+18 <0.0001 37 (40.7) 62+25 57+24 0.153
Cognitive ability 283 (80.6) 42 (46.2)
MMSE 28.4+2.0 28.1+2.4 0.032 274+29  269+3.6  0.113
MMSE <25+ 9(3.2) 25 (8.8) 0.005 5(11.9) 9(21.4) 0.242
Living independently at home in
NYHA class | 289 (82.3) 16 (5.5) 142 (49.1) - 48 (52.7) 11 (22.9) 6 (12.5) <0.00018

*Paired indicates patients with results at baseline and 1-year follow-up.
Tp Values for comparison of results at baseline and follow-up.
FPatients scoring 25 points or less on MMSE.

§p Value for comparison of operated versus unoperated patients at follow-up.

Plus—-minus values are means +SD, absolute frequencies and (%) proportion of group.

AVR, aortic valve replacement; BL, baseline; CCS, Canadian Cardiovascular Society; EQ-5D UK, EuroQol 5-Dimension United Kingdom; EQ-
VAS, EuroQol visual analogue scale; FU, follow-up; LVEF, left ventricular ejection fraction; LVIDd, left ventricular internal dimension at end-
diastole; MCS, Mental Component Summary; MMSE, Mini-Mental State Examination; NYHA, New York Heart Association; PCS, Physical
Component Summary; PWTd, posterior wall thickness at end-diastole; SWTd, septal wall thickness at end-diastole.

3-year survival after SAVR was 83.4%, despite having the
same proportion of patients aged >70 years (67.0%), and
fewer patients with a medium-risk or high-risk Euro (II)
SCORE. Mortality during the natural disease course of
severe AS is largely derived from historic reports,” *! with
more recent data collected for elderly patients with an
increased risk.*? A study demonstrating the beneficial
effect of SAVR on survival in octogenarians with severe
AS revealed that mortality at a median of 2.5 years was
33% in the AVR group and 64% in the conservatively
treated group.” The relatively low mortality among oper-
ated individuals in the present cohort could be attributed
to lower age and lower surgical risk compared with other
series.

Limitations

This relatively large cohort has some limitations. First,
this is not a randomised trial, and therefore the compar-
ison of operated and unoperated patients is only useful
in the sense that this study aims to provide contemporary
data from the complex clinical reality at a tertiary centre.
Second, it is likely that patients were self-selected as indi-
viduals motivated to seek a referral to a tertiary centre
(ie, introducing bias). Third, the patient population was
quite heterogeneous; operated patients had low to inter-
mediate risk, and among unoperated patients there were
both very high risk (declined intervention) and lower
risk (asymptomatic, and those refusing intervention)
individuals.
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Figure 3 Overall 3-year survival in operated and unoperated patients with severe aortic stenosis. AVR, aortic valve

replacement.

CONCLUSION

The increased survival benefit, symptom relief and
overall improvement in quality of life after undergoing
SAVR are confirmed in this relatively large cohort of
patients with severe, symptomatic AS. However, in

this study, surgical intervention was associated with a
considerable amount of postoperative adverse clinical
events and hospitalisations, even surpassing event rates
for unoperated patients. Furthermore, the results
indicate that most patients considering SAVR at a

Table 3 Adverse events in operated and unoperated patients with severe aortic stenosis in the year following inclusion

Surgical AVR, n=351

Unoperated, n=91

Time at Rate/ Time at
Event n (%) risk (years) time’ n (%) risk (years) Rate/time” p Valuef
All-cause mortality 16 (4.6) 340 47 17 (18.7) 83 20.4 <0.0001
MACE 43 (12.3) 318 13,5 21(23.1) 80 26.3 0.009
TIA 8 (2.3) 335 2.4 None 83 None 0.084
Stroke 21 (6.0) 325 6.5 3(3.9) 83 3.6 0.179
TIA or stroke 28 (8.0) 322 8.7 3(3.3) 83 3.6 0.065
New pacemaker 21(6.0) 324 6.5 6(7.7) 79 76 0.359
Myocardial infarction 4(1.1) 338 1.2 10(11.0) 83 12.1 <0.0001
Endocarditis 8(2.3) 335 2.4 1(1.1) 84 1.2 0.286
Antibiotic-requiring infection 116 (33.0) 246 47.2 15(16.5) 80 18.9 0.0001
Cardiac hospitalisation* 32(9.1) 322 9.9 27(29.7) 77 35.1 <0.0001
All-cause hospitalisation* 148 (42.2) 237 62.4 41 (451) 68 60.3 0.411
Any-cause 30-day rehospitalisation® 90 (25.6) 2928 31.8¢ 2(2.2) 85% 2.48 <0.0001

*Rate per 100 patient-years.

Tp Values for comparison of incidence rates in operated and unoperated patients.

FHospitalisation defined as at least an overnight stay.

§Thirty days counting from discharge after postoperative recovery in local hospital, or from inclusion date for unoperated patients. Time at

risk per 30 days and rate per 100 patient months.

AVR, aortic valve replacement; MACE, major adverse cardiovascular event (see definition in the Methods section); TIA, transient ischaemic

attack.
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Figure 4 Event-free survival from major adverse cardiovascular event (MACE) in operated and unoperated patients with
severe aortic stenosis. MACE is defined as time to all-cause death, transient ischaemic attack (TIA), stroke or myocardial

infarction (MI). AVR, aortic valve replacement.

modern-day tertiary centre can expect their cognitive
function and symptom-free independence of daily life
to be preserved after the postoperative rehabilitation
period. Not undergoing AVR was associated with poor
outcomes, and this study serves as a reminder of the
importance of careful clinical assessment and proper
treatment recommendation for all patients with severe
AS. In respect to future randomised controlled trials
with TAVR versus SAVR, this description of current
complex clinical practice may provide a comparative
background for evaluating outcomes in the era of indi-
vidualised patient care.
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