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ABSTRACT
INTRODUCTION Severe symptomatic aortic stenosis is associated with a poor prognosis, with most patients dying 2–3 years 
after diagnosis. We analysed the proportion of patients with severe aortic stenosis not referred for aortic valve replacement 
(AVR) in a UK-based population and the clinical factors contributing to this.
METHODS Retrospective analysis of patients with echocardiographic evidence of severe aortic stenosis was performed at a 
university teaching hospital.
RESULTS A total of 178 consecutive patients with severe aortic stenosis (AVA: <1cm2, mean pressure gradient: ≥40mmHg, 
or visually severe on echocardiography) were included in the study. Eighty-three patients did not have AVR (95% confidence 
interval: 39–54%). The cohort included 146 symptomatic patients (82%) and 32 (18%) who were asymptomatic. The most 
common reason for non-referral in symptomatic patients was ‘high operative risk’ and in asymptomatic patients ‘no symp-
toms’. Of the patients who did not have AVR, only 19% (n=16) were referred for a surgical opinion. None of the patients in the 
asymptomatic group underwent echocardiographic stress imaging. The thirty-day operative mortality rate in the AVR group was 
2.3%. Symptomatic patients who underwent AVR had superior survival, even after adjusting for co-morbidities (p<0.001).
CONCLUSIONS A considerable proportion of patients with severe aortic stenosis are not referred for surgery although they have 
a clear indication for AVR. Patients are often estimated as being too high risk or having prohibitive co-morbidities. Among 
asymptomatic patients, stress imaging was rarely used despite its useful role prognostically and in deciding the best time for 
intervention.
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In the developed world aortic stenosis (AS) is the most com-
mon valve disease requiring surgery.1 It is predominantly a 
disease of older age, with a prevalence of 5.2% in people >75 
years.2 Due to a continuously ageing western population, AS 
constitutes a growing health burden.2 The natural history of 
AS is well established, characterised by a long asymptomatic 
period that is variable between individuals.1,3 Onset of symp-
toms occurs late in the disease and is associated with an omi-
nous prognosis, with a high incidence of sudden death.1,4

Echocardiographic stress imaging has been recom-
mended as an effective but underused way of investigating 
the symptomatic status of disease in severe AS.3,5 Symptom 
precipitation on stress imaging is itself an indication for sur-
gery according to guideline recommendations.3,6 Guidelines 
also advocate intervention in some but not all asympto-
matic patients, with consideration for stress imaging to help 
stratify risk.3 In some asymptomatic patients, avoiding irre-
versible myocardial damage in the wait for symptoms is the  
rationale for surgical intervention.7

Methods
Patients with a diagnosis of severe AS were identified ret-
rospectively from the echocardiography database of our 
university teaching hospital. Severe AS was defined accord-
ing to European Cardiac Society guidelines (mean pressure 
gradient [MPG] ≥40mmHg or aortic valve area <1cm2) in 
addition to patients identified as being severe visually on 
echocardiography. The latter criterion was included be-
cause parameters such as MPG are largely dependent on 
normal systolic function and the existence of ventricular 
dysfunction would therefore lead to a gradient that is under-
estimated relative to a heart with normal systolic function.

Between July 2008 and March 2010, 184 consecutive pa-
tients underwent echocardiography interpreted to be con-
sistent with severe AS according to the inclusion criteria. 
Five patients were excluded because they had a previous 
aortic valve replacement (AVR). This was to maintain gen-
eralisability of the results. One patient was found not have 
severe AS after stress imaging.
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The medical records were used to gather demographic 
information, echocardiographic parameters, referral sta-
tus, details of surgery performed, calculated logistic Eu-
roSCORE (http://www.euroscore.org/), reasons for non-
referral, symptomatic status, co-morbidities and follow-up 
information.

Results
The characteristics of the 178 patients are shown in Table 1.

Referral and stress imaging
Ninety-five patients (53.4%) underwent AVR. Of these, 89 
had open procedures and 7 had transcatheter aortic valve 
implantation [TAVI], of which 1 failed and was converted 
to an open procedure. Eighty-three patients (46.6%) were 
unoperated (95% confidence interval [CI]: 39.4–54.0%). In 

total, 146 patients (82%) were symptomatic, 14 (7.9%) were 
not and in 8 (4.5%) there was insufficient information to de-
termine symptomatic status. Seven patients were scheduled 
for intervention at the time of data collection. Only 16 unop-
erated patients (19%) were referred for a surgical opinion 
(95% CI: 10.2–24.7%).

Patients in the AVR and unoperated groups had similar 
sex profiles. Unoperated patients were older, had a higher 
perioperative mortality risk (logistic EuroSCORE), more co-
morbidities and were more likely to have symptomatic dis-
ease. Comparison of the echocardiographic details (Table 1) 
between the two groups revealed a significantly lower MPG 
in the unoperated patients and a lower mean left ventricu-
lar ejection fraction that was not statistically significant. 
When excluding patients with significant co-morbidities in 
both groups, echocardiographic parameters were similar. 

Table 1 Characteristics of 178 patients with severe aortic stenosis

Factors Decision to operate 
(n=95)

Decision not to operate 
(n=83)

p-value

Mean age (range) 77.19 (51–97) 81.89 (49–96) <0.001

Age ≥80 years 41 (43%) 57 (69%) 0.01

Female 49 44 0.849

Male 46 39

Mean time to last follow up (days) 189.80 (SD: 182.42) 186.84 (SD: 195.45) 0.294

Symptoms 87 59 0.002

No symptoms 6 18

Unknown symptom status 2 6

No/unknown symptoms and stress 
tested

0 1

Median logistic EuroSCORE 5.09 (IQR: 3.94–8.37) 7.40 (IQR: 4.60–11.79) 0.002

Active cancer 0 4 0.030

Chronic kidney disease 4 11 0.030

Congestive heart failure 1 8 0.009

Prior cardiac surgery 7 5 0.721

Chronic lung disease 2 10 0.008

Diabetes 17 9 0.184

Echocardiographic factors

Mean MPG (mmHg) 46.80 (SD: 20.23) 39.12 (SD: 16.39) 0.015

Mean PPG (mmHg) 78.63 (SD: 32.14) 65.10 (SD: 24.76) 0.004

Mean aortic valve area (cm2) 0.61 (SD: 0.19) 0.63 (SD: 0.22) 0.703

Mean LVEF (%) 58.73 (SD: 21.04) 56.93 (SD: 16.95) 0.662

Mean LVID – diastole (mm) 4.75 (SD: 0.83) 4.69 (SD: 0.91) 0.935

Mean LVID – systole (mm) 3.05 (SD: 0.98) 3.20 (SD: 0.91 0.470

Mean LVPW thickness (mm) 1.34 (SD: 0.31) 1.26 (SD: 0.26) 0.262

Mean IVS thickness (mm) 1.49 (SD: 0.436) 1.36 (SD: 0.34) 0.172

SD = standard deviation; IQR = interquartile range; MPG = mean pressure gradient; PPG = peak pressure gradient; LVEF = left ventricular 
ejection fraction; LVIDD = left ventricular internal dimension; LVPW = left ventricular posterior wall; IVS = interventricular septum
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The unoperated group, however, was older (p<0.001), had 
a higher logistic EuroSCORE (p=0.026) and more asympto-
matic disease (p=0.015).

Of the 83 unoperated patients, 63 (76%) were evaluated 
by a cardiologist and 16 (19%) by a cardiac surgeon. Of the 
asymptomatic patients or those who had asymptomatic sta-
tus as the reason for not having AVR (n=10), none under-
went stress imaging.

Analysis of decision to operate
Univariate analysis showed that patient age, significant co-
morbidities, logistic EuroSCORE, MPG and symptomatic 
status all significantly affected the decision to operate (Table 
1). In multivariable analysis (Table 2), however, the logistic 
EuroSCORE did not reach statistical significance (p=0.819).

Symptoms associated with aortic stenosis
Most patients (n=146) had symptomatic severe AS. Of the 
83 unoperated patients, 59 were symptomatic and 24 were 
asymptomatic or had unknown symptomatic status. Patients 
with a history of chronic lung disease and only dyspnoea 

as a symptom were not regarded as being symptomatic. 
Among unoperated patients, symptomatic patients were 
older (mean: 83.3 years, standard deviation [SD]: 8.83 years) 
than asymptomatic patients (mean: 77.4 years, SD: 8.29 
years) (p=0.008).

Operative risk
The predicted perioperative mortality risk was lower for 
operated than for unoperated patients (p=0.002) and also 
lower among unoperated asymptomatic patients (median: 
4.26%) compared to unoperated symptomatic patients (me-
dian: 7.87%) (p<0.001).

The median logistic EuroSCORE in the group of 59 
symptomatic patients not undergoing AVR was 7.87% (in-
terquartile range [IQR]: 6.20–12.06%). More than two-thirds 
(n=38, 70%) had an estimated perioperative mortality risk 
of ≤10%. Among symptomatic patients with severe AS who 
underwent AVR, 73 (85%) had an estimated perioperative 
mortality risk of ≤10%.

Of the 83 unoperated patients, 25 (30%) had a calculated 
operative risk of no more than the median calculated risk 
among patients who underwent AVR (5.09%).

Rationale for conservative management
For patients who did not undergo AVR, decisions not to refer 
for surgery were based on several factors (Fig 1).

Calculated perioperative risk was the highest among 
patients who were unoperated due to ‘advanced age’ and a 
‘perceived high operative risk’ (median logistic EuroSCORE 
of 11.99% and 10.35% respectively).

Among the 14 unoperated symptomatic patients in 
whom symptoms were attributed to an aetiology other than 
AS, exercise stress imaging to evaluate the impact of AS on 
cardiac function was performed in 1 patient. In those with 
asymptomatic status as the main reason for not having AVR, 
none were stress tested.

Impact of advanced age
Among all 178 patients with severe AS, 98 (55%) were over 
80 years of age, including 41 patients (43%) who underwent 
AVR and 57 (69%) who were unoperated (p=0.01). Age >80 
years was associated with a higher logistic EuroSCORE for 

Table 2 Factors associated with a decision not to operate

Factors p-value Odds ratio 95% confidence interval

Age 0.02 0.910 0.841–0.984

<75 years 0.888 1.097 0.301–3.999

75–85 years 0.012 3.515 1.322–9.342

>85 years 0.024 0.261 0.810–0.840

Mean pressure gradient 0.002 1.055 1.020–1.091

Logistic EuroSCORE 0.819 0.984 0.860–1.127

Symptomatic status 0.03 4.530 1.200–17.077

Significant co-morbidities 0.007 0.149 0.037–0.596

Figure 1 Flow diagram of the 178 patients with severe aortic 
stenosis

178 patients with 
severe AS

83 No AVR 
(46.6%)

59 
Symptomatic 

(71.1%)

24 
Asymptomatic 

(28.9%)

95 AVR 
(53.4%)

7 TAVI (7.4%)

88 Open  
procedure 
(92.6%)

1 Stress 
tested

Reasons for non-referral
• High operative risk 28% (16)
• Symptoms caused by other aetiology 24% (14)
• AS not severe 22% (13)
• Co-morbidities 9% (6)
• Patient decision 9% (5)
• Advanced patient age 6% (3)
• Limited life expectancy 2% (1)
• Asymptomatic % (1)

Reasons for non-referral
• Asymptomatic 31% (9)
• High operative risk 24% (7)
• Co-morbidities 17% (4)
• Patient decision 7% (2)
• AS not severe 3% (1)
• Symptoms caused by other aetiology 3% (1)

AS = aortic stenosis; AVR = aortic valve replacement; TAVI = 
transcatheter aortic valve implantation
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both operated (median: 6.54%, IQR: 5.09–10.86%) and un-
operated patients (mean: 7.87%, IQR: 6.45–12.80%). In addi-
tion, the calculated perioperative mortality risk among pa-
tients over 80 years of age was higher for unoperated than 
for operated patients (p=0.01).

Impact of co-morbidities
Among all 178 patients with severe AS, 35 (20%) had sig-
nificant co-morbidities including congestive heart failure, 
chronic kidney disease, chronic lung disease and cancer. 
After excluding patients with these co-morbidities, age 

(p<0.001), EuroSCORE (p=0.026) and symptomatic status 
(p=0.015) were the only significant differences between the 
two groups.

Follow up
One-year follow-up data were available for 146 patients 
(82%), 79 of whom had a decision to operate and 67 of whom 
had a decision not to operate (p=0.086). The mean follow-up 
duration for patients referred for surgery was 186.84 days 
(SD: 195.45 days, range: 0–742 days). A total of 34 unoper-
ated patients died including 25 symptomatic patients, 8 
asymptomatic patients and 1 patient of unknown sympto-
matic status. In patients not referred for surgery the mean 
follow-up duration was 189.80 days (SD: 182.42 days, range: 
0–723 days). Five patients died; all were symptomatic. One 
additional (symptomatic) patient died during the follow-up 
period while awaiting surgery.

Survival rates are shown in Figs 2 and 3. One- and two-
year survival following diagnosis was 97.1% and 96.3% re-
spectively for the AVR group and 76.9% and 75% respective-
ly for the conservative group. Survival was not found to be 
statistically different based on symptomatic status (p=0.552) 
but symptomatic disease was associated with a lower sur-
vival in those operated and unoperated (p<0.001). Survival 
analysis with significant co-morbidities and age >85 years 
excluded still showed the difference in survival (p=0.005).

In multivariable analysis (Table 3), the decision to oper-
ate (AVR), patient age and significant co-morbidities (chron-
ic lung disease and chronic kidney disease) were linked to 
the outcome. When excluding significant co-morbidities, 
only AVR was linked to the outcome, with those aged 75–85 
years deriving the most benefit (odds ratio [OR]: 12.256, 
p=0.004) and those aged <75 years (OR: 11.232, p=0.004) and 
>85 years (OR: 10.921, p=0.006) deriving a significant but 
lesser improved survival from surgery.

Discussion
In this study, approximately half of the patients with severe 
AS did not undergo intervention, with over two-thirds being 
symptomatic. Therefore, 1 in 3 patients with severe AS had 
symptoms but were not referred for surgery.

Impact of patient age
Age per se, however, is not a valid reason to preclude pa-

Table 3 Factors associated with a decision not to operate (significant co-morbidities excluded)

Factors p-value Odds ratio 95% confidence interval

Age 0.400 0.919 0.848–0.996

<75 years 0.888 1.097 0.301–3.999

75–85 years 0.027 3.167 1.141–8.790

>85 years 0.024 0.261 0.810–0.840

Mean pressure gradient 0.012 1.049 1.010–1.089

EuroSCORE 0.819 0.984 0.860–1.127

Symptomatic status 0.024 5.480 1.246–24.095

Figure 2 Severe aortic stenosis survival rates in aortic valve 
replacement (AVR) and unoperated groups
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Figure 3 Severe aortic stenosis survival rates according to 
symptomatic status (one year)

Time to death since diagnosis 
Time (days) 0 50 100 150 200 250 300 365

Asymptomatic AS, had AVR 46 46 42 32 27 22 17 -
Symptomatic AS, had AVR - - - - - - - -
Symptomatic AS, no AVR 12 11 11 9 7 6 4 1

Asymptomatic AS, no AVR 35 35 32 29 22 17 - -
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(AVR vs No AVR according to symptoms)

Logrank test p=0.552 
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AS = aortic stenosis; AVR = aortic valve replacement
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tients with severe AS from AVR,3 particularly when it has 
been well documented that surgery can be performed safely 
in octogenarians and nonagenarians.9–11 Decision making 
should rely not only on an estimation of operative risk but 
also on estimation of the risk–benefit ratio, requiring out-
come after surgery to be compared with natural history. 
Age is a predictor of operative risk and poor late survival 
in cardiovascular surgery, particularly in the case of AS.12 
Nevertheless, age is not a predictor of poor late outcome 
when considering relative survival.10,12 This led to guideline 
recommendations that advanced age is not a contraindica-
tion to valve replacement.3,6

The associated clinical implications are substantial 
because prognosis without intervention is dismal (in this 
study, one-year survival was only 77% among unoperated 
symptomatic patients) whereas AVR is associated with both 
symptomatic improvement and improved survival (in this 
study, 97% survival at one year).

‘High operative risk’?
Among symptomatic patients who did not undergo surgery, 
perceived high operative risk was cited most often as a rea-
son, followed by symptoms attributed to another aetiology. 
While operative risk was significantly higher in unoperated 
patients, they were older and had more co-morbidities. Fur-
thermore, the logistic EuroSCORE did not reach statistical 
significance on multivariate analysis of the decision to oper-
ate while age >75 years did.

Although some unoperated patients had very high op-
erative risks, many symptomatic patients who did not un-
dergo surgery appear to have had an acceptable operative 
risk based on objective measures: 54% had a logistic Euro-
SCORE <10% and in 15 patients the calculated mortality risk 
was less than the median risk for patients who underwent 
AVR (5.09%). Subjective means of assessing operative risk 
may be unreliable, at a cost of denying consideration for 
intervention to patients who are legitimate candidates and 
who might benefit from surgery.13

Reports have demonstrated that advanced age is an im-
portant factor in denying surgery for severe AS.14,15 In our 
study, age >85 years was the only significant difference pre-
venting patients from having surgery when excluding sig-
nificant co-morbidities. Although unoperated patients had 
a higher perioperative risk, clinically, an increase in logistic 
EuroSCORE of 2.31% should not deny surgery in patients 
with significantly poor survival if unoperated.

Less than a fifth of unoperated patients were even re-
ferred for a surgical opinion. Severe AS is a mechanical ob-
struction requiring surgical intervention for any hope of an 
effective treatment. These patients should therefore be seen 
by a surgeon to determine whether or not they are suitable 
for surgery.

Underestimation of symptoms
The triad of severe AS symptoms (dyspnoea, syncope, an-
gina) was documented for 33 patients but regarded as mild, 
non-debilitating or due to another aetiology. Having mild 
symptoms does not exclude a patient from being an AVR 
candidate.6,8 Furthermore, it is known that even if symptoms 

are recognised, the resulting functional disability is often 
underestimated by physicians.8

The poor prognosis and subtlety by which symptoms are 
exhibited means that stress echocardiography should be 
used to aid in the stratification of risk and the decision mak-
ing process.3,5 In our series, only one patient in the non-symp-
tomatic group underwent stress imaging after diagnosis.

Co-morbidities
Co-morbidities are frequent in the elderly and are expected 
to affect the risk–benefit analysis because they influence life 
expectancy regardless of valvular disease as well as the op-
erative risk and late outcome after AVR.16,17 While a decision 
to operate was less likely in patients with more co-morbidi-
ties, age remained a highly significant factor in the decision 
to operate when those with significant co-morbidities were 
excluded from the analysis.

Patient outcome analysis
In our series, 30-day mortality was relatively low (2.3%) 
given the patient risk profile as reported in certain series.15 
One-year survival was poor in unoperated patients with AS, 
which is in line with the poor prognosis associated with the 
disease and perhaps suggests that those regarded as asymp-
tomatic in fact had underlying symptoms.

When excluding significant co-morbidities, only AVR 
was linked to the outcome. This reinforces that the survival 
benefit between the two groups can be attributed to AVR 
rather than age or co-morbidities.15

Transcutaneous valve implantation
The advent of TAVI and its validation as a feasible treatment 
option in some patients deemed to be high risk make the 
lack of AVR in these patients even more relevant.18 Seven 
patients in the AVR group underwent TAVI as they were 
deemed not suitable for open surgery. Therefore, even in 
a centre using percutaneous AVR, many patients are still 
treated conservatively.

Study limitations
This was a retrospective observational study. Nevertheless, 
patients with severe AS were identified in a consistent, con-
secutive manner compatible with guideline recommenda-
tions for AS severity.3 Such an observational study does not 
enable the appropriateness of the therapeutic decision to be 
fully assessed for an individual patient. However, it does en-
able the decision for surgery to be analysed prospectively 
and put into perspective with cardiac as well as non-cardiac 
patient characteristics in a UK-based population of patients.

Conclusions
Data from this study suggest that many patients in a UK-
based population who could benefit from surgical inter-
vention for symptomatic severe AS do not undergo AVR. 
Analysis of the clinical decisions precluding AVR found that 
a perceived high operative risk and attributing symptoms 
to another aetiology are common reasons why symptomatic 
patients are denied surgery. A consistent finding on univari-
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ate and multivariate analysis of the decision to operate was 
that age plays a significant role in denying patients surgery. 
Most patients who do not receive AVR are not assessed by 
a surgeon and do not undergo echocardiographic stress  
imaging. A multidisciplinary approach should be taken to 
ensure that patients have a more informed choice of how 
best their disease can be managed.
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