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Abstract
Introduction Degenerative calcific aortic stenosis has a poor
prognosis if left untreated. New procedures such as trans-
catheter aortic valve implantation and the apico-aortic valved
conduit have been introduced for patients not fit for surgical
replacement of the valve. Despite initial encouraging results
with these modalities a group of patients are still being denied
treatment due to old age and severe co-morbidity. The aims of
this study were to explore the morbidity, mortality and quality
of life of these patients.
Material and methods We included all patients with aortic
stenosis referred to Rigshospitalet, Denmark in 2010. Data
regarding demographics and co-morbidity were collected ret-
rospectively, and all patients alive at follow-up received a
questionnaire to estimate their quality of life. Morbidity, mor-
tality and quality of life were compared with a group of
symptomatic patients in whom there was not yet indication
to replace the valve.
Results Out of 268 patients with aortic stenosis 35 patients
were deemed unfit for intervention and in 19 patients there
was no indication to replace the valve. Patients not eligible for
intervention had a higher mortality (p=0.002), and a lower
quality of life (p<0.01).

Conclusion Patients with aortic stenosis who are deemed
unfit for intervention have a high mortality and a low quality
of life. These findings indicate that intervention should be
considered even in old patients with severe co-morbidity.
Trial registration Data collection was approved by the Danish
Data Protection Agency.

Keywords Aortic stenosis . Quality of life .Minimally
invasive valve surgery

Introduction

Degenerative calcific Aortic Stenosis (AS) is the most com-
mon of the valve diseases of the heart, and it is a significant
cause of sudden death in the West. The stenosis is due to
calcification and agglutination of the aortic leaflets and may
cause diminished functional level due to dizziness, angina and
sudden loss of consciousness[1]. The incidence is rising with
increasing expectation of life to about 8 % at age 85[1–3]. AS
is classified as mild, moderate or severe based on aortic valve
area. The progress may be slow at first, but rapid progression
is seen in later years, therefore a periodic echocardiographic
assessment is important[1]. The prognosis of severe stenosis
after debut of symptoms is poor; half the patients die within a
few years without surgery[1, 4].

The treatment of choice has not changed over the last
50 years and consists of Surgical Replacement of the Valve
(SAVR). A significant percentage of patients are not fit for
major surgery, which is why newer and less invasive methods
are gaining ground. Examples are the Trans-catheter Aortic
Valve Implantation (TAVI) and the Apico-aortic Valved Con-
duit (AVB). Both methods are awaiting further trials[5–7].
These procedures can be offered to a broader range of patients,
but there are still patients in whom the risk is deemed too high
due to age and co-morbidity. To make the right decision in
collaboration with a fully informed patient the increased risk
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of the invasive procedure must be compared with the natural
course of the disease.

The aims of this study were to assess the morbidity, mor-
tality and quality of life of patients who were deemed unfit for
aortic valve replacement. Furthermore we wanted to compare
this group of patients to patients with AS, in whom there is not
yet an indication to replace the valve.

Material and methods

Danish patients with aortic stenosis from the Eastern part of
Denmark are referred to a multidisciplinary team at
Rigshospitalet, Copenhagen University Hospital, Copenha-
gen, Denmark. The team consists of a cardiologist, a thoracic
anaesthesiologist, and a cardiac surgeon, and divides the pa-
tients into 3 groups: One group of patients does not yet meet
the criteria for surgery and are referred for periodic follow-up
control including echocardiography. The second group is
referred to intervention, either Surgical Replacement of the
Valve (SAVR) or transcatheter aortic valve implantation
according to an on-going “TAVI (Corevalve) vs. SAVR”
study. The third group of patients is considered unfit for
intervention due to age and co-morbidity.

The patients from the first and third group in year 2010
were identified using their Social Security number, which all
Danes are assigned at birth and is used at every contact with
the general practitioner and hospitals. Their files were
searched for a number of characteristics, including age, gen-
der, aortic valve area, peak gradient, ejection fraction, coro-
nary stenosis, atrial fibrillation, pacemaker, pulmonary hyper-
tension, peripheral vessel disease, former stroke, diabetes,
chronic obstructive pulmonary disease, hypercholesterolemia,
and creatinine. In case of death, the date of death was recorded
and survival was calculated as the number of days from
multidisciplinary conference to death. All the patients alive
in September 2011 received a questionnaire (SF-36) to esti-
mate their quality of life[8].

Statistical analysis

Baseline data of the two groups were compared using inde-
pendent samples t-tests for continuous data (age, aortic valve
area, peak gradient, ejection fraction, and creatinine), Fisher’s
exact test for categorical data with an expected cell count
below 5 (atrial fibrillation, pacemaker, pulmonary hyperten-
sion, peripheral vessel disease, and diabetes), and Pearson’s
chi-square for the remaining categorical data (gender, coro-
nary stenosis, hypertension, former stroke, chronic obstructive
pulmonary disease, and hypercholesterolemia). The mortality
rates were visualized in a Kaplan-Meier plot and compared
using the Log Rank (Mantel-Cox) test. SF-36 data were com-
pared using independent samples t-test. Statistical analysis was

performed using a statistical software package (PASW, version
19.0; SPSS Inc., Chicago, Illinois, USA). Differences were
considered to be statistically significant when the P value was
<0.05.

Results

Two-hundred and sixty-eight patients, 70 years of age or
older, with severe and/or symptomatic AS were referred to
Rigshospitalet, Copenhagen, Denmark in 2010. Nineteen pa-
tients did not have symptoms or stenosis severe enough to
warrant intervention and these patients went into follow-up.
Two-hundred and fourteen patients were referred to aortic
valve replacement, and the remaining 35 patients were found
to have a mortality risk too high to warrant an interventional
procedure due to diffuse calcification of the ascending aorta
(porcelain aorta), co-morbidity or general frailty.

The data of the 54 patients in group one and three are
outlined in (Table 1). Patients not eligible for intervention
had a significantly smaller aortic valve area than patients
without indication for intervention, mean 0.75 cm2 and
0.90 cm2 respectively, p=0.035. There were no significant
differences in the demographics of the two groups, other data
regarding the heart, co-morbidity or paraclinical data.

The mortality in the two groups is shown in the Kaplan-
Meier plot (Fig. 1). We collected our data 10–22 months after
the decision of the multidisciplinary team and during that
period of time 22 of 35 patients not eligible for intervention
died (63 %) whereas only 3 patients without indication for
intervention died (16 %) (p=0.002). The median survival time
of the patients not eligible for intervention was 233 days.

The response rate to the SF-36 questionnaire was 93 % (27
of the 29 patients alive). (Figure 2) shows the quality of life
mean score for patients without indication for intervention and
for patients not eligible for intervention. The quality of life of
the 13 living patients not eligible for intervention was lower in
all 8 subgroups of the questionnaire, but only the difference in
their perception of their physical role reached significance
(p<0.01).

Discussion

The purpose of our study was to explore the morbidity, mor-
tality and quality of life of patients with aortic stenosis deemed
not eligible for intervention. It would not make sense to
compare this vulnerable group with the general population,
and instead we compared them to a group of patients with
aortic stenosis that was referred to evaluation in the same time
span, but where no indication for intervention was found. The
age and gender distribution were similar in the two groups, but
the aortic valve area was significantly smaller in the patients
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not eligible for intervention. Surprisingly the co-morbidity
was not significantly different for the two groups, but this
could be due to small samples sizes (type II error). Even
though the differences were not statistically significant, it
should be noted that the percentages of patients with atrial
fibrillation, pulmonary hypertension, and chronic obstructive
pulmonary disease were approximately twice as high in the

group of patients not eligible for intervention. Studies on risk
factors have found that Cronic Obstructive Pulmonary Dis-
ease (COPD), renal failure and age >79 are predictors of high
perioperative mortality[2, 9, 10], but our patients showed no
significant difference in those characteristics, thus indicating

Table 1 Characteristics of pa-
tients without indication for valve
replacement and patients not eli-
gible for intervention respectively

Patients without indication for
intervention (n=19)

Patients not eligible for
intervention (n=35)

P
value

Demographics

• Age (years) Mean 79.4, SD 5.3 Mean 81.2, SD 5.8 0.25

• Gender 10 females, 9 males 17 females, 18 males 1.00

Data regarding the aortic valve

• Aortic valve area (cm2) Mean 0.90, SD 0.25 Mean 0.75, SD 0.20 0.035

• Peak gradient (mmHg) Mean 62, SD 20 Mean 61, SD 29 0.91

Other data regarding the heart

• Ejection fraction (%) Mean 49, SD 15 Mean 46, SD 15 0.52

• Coronary stenosis n=12 (63 %) n=22 (63 %) 1.00

• Atrial fibrillation n=4 (21 %) n=14 (40 %) 0.23

• Pacemaker n=3 (16 %) n=8 (23 %) 0.73

Co-morbidity

• Pulmonary hypertension n=2 (11 %) n=8 (23 %) 0.47

• Hypertension n=14 (74 %) n=25 (71 %) 1.00

• Peripheral vessel disease n=3 (16 %) n=4 (11 %) 0.69

• Former stroke n=5 (26 %) n=10 (29 %) 1.00

• Diabetes n=5 (26 %) n=8 (23 %) 1.00

• Chronic obstructive
pulmonary disease

n=5 (26 %) n=17 (49 %) 0.15

Para clinical data

• Hypercholesterolemia n=10 (53 %) n=18 (51 %) 1.00

• Creatinine (μmol/l) 116 114 0.89

Fig. 1 Kaplan-Meier Plot showing the survival of patients without
indication for valve replacement and patients not eligible for intervention
respectively (number of days from decision)

Fig. 2 Mean scores of the SF-36 quality of life answers for patients not
eligible for intervention and for patients without indication for interven-
tion. The eight subgroups of the SF-36 questionnaire are shown (Physical
function, role physical, bodily pain, general health perceptions, vitality,
social function, role emotional, and mental health)
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that the decision to follow up for later evaluation or not to
operate were based on a “general frailty” judgment which is
difficult to qualify in measureable terms.

The median survival time of the patients not eligible for
intervention was only 233 days, and 63 % died during 10–
22 months of follow-up. Other studies of medically treated
patients with severe aortic stenosis found equally high 1-year
mortality rates of up to 50 %[11, 12]. Studies on mortality
rates among high risk, yet operable patients with aortic steno-
sis have found 1-year mortality rates of 7 – 20% after surgical
aortic valve replacement[9, 10, 13], whereas studies on TAVI
and AVB have found 1-year mortality rates of 21–30 % in
high risk patients not suitable for conventional SAVR[5–7, 14,
15]. These huge differences in mortality between patients with
and without intervention suggest that the criteria for eligibility
could be expanded.

Our investigation on the quality of life of the patients not
eligible for intervention was hampered by the fact that only 13
out of 35 patients were alive to answer the questionnaire.
Their quality of life scored lower than the control group but
the small sample sizes made it difficult to reach statistically
significant differences. Several studies show satisfactory qual-
ity of life in patients who had aortic valve replacement com-
pared to an age-matched population[8, 10, 13], but it was not
possible to find studies comparing quality of life of medically
treated patients with severe aortic stenosis with an age
matched group. Studies of quality of life in patients after
SAVR show results comparable to an age matched group[10,
13], and other studies show a marked increase in performance
after SAVR or TAVI when comparing preoperative scores on
Karnofsky performance scale to postoperative scores[16, 17].
These studies in conjunction with our findings of reduced
quality of life in patients deemed not eligible for intervention
supports the idea of expanding the criteria for intervention.

The good Danish register standard was a major advantage
to this retrospective study. The high response rate to the
questionnaire gave strength to that part of the study, but the
limited number of patients was a major limitation. We suggest
systematic follow-up on all patients deemed not eligible for
intervention in the future.

Conclusion

The mortality was much higher and the quality of life was
lower in the group of patients with aortic stenosis deemed not
eligible for intervention as compared to a group of patients
with aortic stenosis without indication for intervention. These
findings combined with the positive results of new aortic

valve replacement procedures indicate that intervention
should be considered even in old patients with severe co-
morbidity.
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