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ABSTRACT
Objective To estimate the population prevalence and 
treatable burden of severe aortic stenosis (AS) in the UK.
Methods We adapted a contemporary model of the 
population profile of symptomatic and asymptomatic 
severe AS in Europe and North America to estimate the 
number of people aged ≥55 years in the UK who might 
benefit from surgical aortic valve replacement (SAVR) or 
transcatheter aortic valve implantation (TAVI).
Results With a point prevalence of 1.48%, we estimate 
that 291 448 men and women aged ≥55 years in the UK 
had severe AS in 2019. Of these, 68.3% (199 059, 95% CI 
1 77 201 to 221 355 people) would have been symptomatic 
and, therefore, more readily treated according to their 
surgical risk profile; the remaining 31.7% of cases 
(92 389, 95% CI 70 093 to 144 247) being asymptomatic. 
Based on historical patterns of intervention, 58.4% 
(116 251, 95% CI 106 895 to 1 25 606) of the 199 059 
symptomatic cases would qualify for SAVR, with 7208 
(95% CI 7091 to 7234) being assessed as being in a 
high, preoperative surgical risk category. Among the 
remaining 41.6% (82 809, 95% CI 73 453 to 92 164) of 
cases potentially unsuitable for SAVR, an estimated 61.7% 
(51 093, 95% CI 34 780 to 67 655) might be suitable for 
TAVI. We estimate that 172 859 out of 291 448 prevalent 
cases of severe AS (59.3%) will subsequently die within 
5 years without proactive management.
Conclusions These data suggest a high burden of 
severe AS in the UK requiring surgical or transcatheter 
intervention that challenges the ongoing capacity of 
the National Health Service to meet the needs of those 
affected.

INTRODUCTION
Aortic stenosis (AS) is one of the most 
common acquired forms of heart valve disease 
requiring clinical intervention.1 2 As high-
lighted by the OxVALVE Study,3 a significant 
portion of the UK population (1.3% of their 
cohort of individuals age ≥65 years had undi-
agnosed AS) will remain undetected during 
their lifetime or experience a ‘late’ diagnosis 
when their condition reaches an advanced, 
symptomatic stage.4 The prevalence of AS 
correlates strongly with advancing age and is 
a major cause of death among older individ-
uals.1 2 For example, within the large National 

Echocardiography Database of Australia 
(NEDA) patient cohort, the incidence of AS 
rose eightfold from 5 to 40 cases/1000 person- 
years among those aged <30 years to >80 years 
(overall incidence of ~18 cases/1000 person- 
years).5 Within this same cohort, the propor-
tion of individuals who died with severe AS 
rose from 3.9% in those aged >65 years to 
6.1% in those aged >85 years.6 Unfortunately, 
given the logistics of definitive screening with 
echocardiography, population studies such 
as the OxVALVE Study3 are scarce. Conse-
quently, the natural history and subsequent 
disease burden of AS is often described from 
the perspective of those who are already diag-
nosed and receiving definitive treatment.

Of concern, in the context of a probable 
‘iceberg’ of largely undetected and untreated 
cases of AS within progressively ageing high- 
income countries like the UK,7 is the high 
mortality associated with untreated severe 
AS, especially once symptoms develop.8 The 
mortality in such patients is reported to be as 
high as 50% at 2 years and 97% at 5 years.9 
Poor survival rates associated with the full 

Key questions

What is already known about this subject?
 ► Severe aortic stenosis (AS) has a high mortality if 
left untreated.

 ► The number of individuals who might benefit from 
treatment in the UK is uncertain, although anticipat-
ed to be large.

What does this study add?
 ► This study provides robust estimates of the overall 
burden of severe AS across the UK and the indicative 
number of individuals who would benefit from surgi-
cal or transcatheter interventions.

How might this impact on clinical practice?
 ► These data will assist health administrators and 
clinicians to determine the potential near- term de-
mand for aortic valve interventions and, importantly, 
whether healthcare services are currently config-
ured to address current to future demands.
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spectrum of AS within the large, unselected NEDA cohort6 
reaffirmed the potential to proactively identify and treat 
more individuals with severe AS.10 In common with the 
evolving trial evidence around aortic valve replacement 
(AVR),2 within the same cohort, the survival benefits 
conferred by successful AVR were striking.11 Such data 
highlight the potential for substantial public health bene-
fits of earlier detection of AS, using the stethoscope and 
echocardiography, and subsequent rapid access to heart 
valve centres/clinics.2 This latent potential to increase 
the detection of AS was further highlighted in the NHS 
England’s Long- Term Plan 2019.12 However, until more 
definitive population studies of AS are conducted, it is 
difficult to accurately assess the size of the treatable popu-
lation with severe AS and thereby plan clinical services to 
ensure potentially life- saving treatments are applied.13 14

STUDY AIMS
The primary aim of this study was to determine how many 
people might be expected to need evidence- based treat-
ment for severe AS in the UK in the near term based on 
expert guidelines for its optimal diagnosis and manage-
ment.2 Specifically, we first sought to apply age- specific 
estimates of the prevalence of severe AS within the known 
UK population aged 55 years or older to calculate the 
likely number of individuals affected by severe AS overall 
(prevalent cases). We further sought to estimate how 
many individuals could be immediately identifiable/
detected based on the presence of concurrent symp-
toms (diagnosed/treated cases). Finally, based on the 
historical application of surgical aortic valve replacement 
(SAVR) versus transcatheter aortic valve implantation 
(TAVI) for severe AS according to surgical risk (based on 
composite data derived from the UK, Europe and North 
America),15 16 we further aimed to quantify the likely 
demand for surgical services if all cases of severe AS were 
detected (surgical caseload).

METHODS
A pragmatic approach to estimate the treatable burden 
of disease imposed by severe AS in the UK was applied 
using similar methods previously used to derive what 
proved to be an accurate forecast of the contemporary 
and projected burden of heart failure in the UK.17 The 
same broad methods were also applied to an equiva-
lent study of the treatable burden of AS in Australia.7 
The primary basis for this study (in respect to providing 
AS- specific data) was two meta- analyses of AS that system-
atically reviewed and analysed the relevant public health 
to clinical literature to build contemporary models of the 
likely burden and treatment of severe AS.15 16 The most 
recent of these reports synthesised data from 9723 cases 
of severe AS from 7 studies (predominantly from North 
America and Europe/UK).16 A decision- making flowchart 
of severe AS (from the prevalent population to how they 
are then sequentially treated according to their probable 
symptomatic profile and surgical risk status) was then 

constructed. The sequential distribution of cases through 
the flowchart was informed by meta- analyses with beta 
distributions used at each step (using 10 000 Monte Carlo 
simulations) to derive the most accurate point estimates 
(with 95% confidence intervals, CIs) for each sequence. 
Critically, local reimbursement policies were not consid-
ered in determining who might or might not be treated 
with surgical intervention.16 Notwithstanding the rapidly 
evolving literature around the choice between SAVR 
versus TAVI and, indeed, the pattern of surgical risk that 
will undoubtedly influence future treatment pathways,2 
this model provided a robust framework for estimating 
the treatable burden of severe AS in the UK.

Summary model
Figure 1 summarises the key steps applied to generate the 
estimates provided in this report with consideration of 
the UK population structure, the underlying prevalence 
of severe AS, their symptomatic status and their poten-
tial treatment based on their likely surgical risk profile—
noting that each identified prevalent case is accounted 
for in the flowchart. Each of these steps (and their source 
data) are described below.

UK population data
To determine how many people within the UK are at 
risk of developing severe AS (our denominator/at risk 
population group), we first obtained age- specific and 
sex- specific population data for the calendar year 2019 
from the UK Office of National Statistics (online supple-
mental figure 1).18 In that year, of the approximate 
66 million people living in the UK, 30% were aged ≥55 
years (20.1 million people). We also collated these data 
separately for England, Wales, Scotland and Northern 
Ireland to generate specific estimates for each geopolit-
ical region.

Age-specific prevalence of severe AS
As our next step, we applied a point prevalence of 3.5% 
for severe AS among individuals in the UK aged ≥75 years. 
This represents a small increase in the age- specific preva-
lence rate applied in the original flowchart published by 
Durko and colleagues16 to reflect contemporary reports 
of an increasing incidence of AS in the UK.19 Unlike the 
original reports, we also focused on the likely burden of 
severe AS among those aged 55–74 years. To derive valid 
and accurate prevalence estimates for these age groups, 
we analysed the pattern of severe AS within the large and 
unselected NEDA cohort (one of the largest ever studies 
of all forms of AS to date).5 6 Using this cohort, we first 
validated an overall prevalence estimate of 3.5% severe 
AS among those aged 75 years and above as a conserv-
ative starting point for our analyses. We also noted the 
absence of any major sex- specific differences in this 
regard (concurring with the UK- based data from the 
OxVALVE Study3). Using this age group (≥75 years) as 
a fixed reference point, we then used the observed age 
profile of severe AS cases below the age of 75 years within 

 on F
ebruary 22, 2022 by guest. P

rotected by copyright.
http://openheart.bm

j.com
/

O
pen H

eart: first published as 10.1136/openhrt-2021-001783 on 26 January 2022. D
ow

nloaded from
 

https://dx.doi.org/10.1136/openhrt-2021-001783
https://dx.doi.org/10.1136/openhrt-2021-001783
http://openheart.bmj.com/


3Strange GA, et al. Open Heart 2022;9:e001783. doi:10.1136/openhrt-2021-001783

Valvular heart disease

the NEDA cohort to derive the following age- specific 
prevalence estimates of severe AS to be applied to the 
UK population in the following age bands: aged ≥75 years 
(3.5%—index prevalence estimate), 70–74 years (1.2%), 
65–69 years (0.7%), 60–64 years (0.5%) and 55–59 years 
(0.4%). This age- specific approach differs from the orig-
inal reports where population estimates (European and 
North America) were also used as a starting point, but 
a single, rather than age- stratified, point- prevalence esti-
mate for severe AS was applied. Critically, when these 
age- stratified estimates were applied to the UK popu-
lation aged ≥55 years, they generated an overall point 
prevalence of severe AS that was congruent to that of the 
estimated prevalence of undetected AS cases within the 
OxVALVE Study cohort.3

Treatable cases
Having estimated the total number of individuals 
aged ≥55 years living in the UK with severe AS, we applied 
the same proportions and 95% CI developed (derived 
from meta- analyses of the published literature) and then 
applied by Durko and colleagues16 to determine what 
proportion of prevalent cases would be symptomatic 
versus non- symptomatic (this latter group being less 
likely to be detected and treated) (see figure 1). Of those 
considered to be symptomatic, we further stratified such 
individuals (once again using the original proportions 

and 95% CIs for these estimates16) according to their 
likely suitability for more conservative medical versus 
surgical treatment and the subsequent option of SAVR 
versus TAVI (see also figure 1). Specifically, as per the 
original flowchart/modelling, we distributed SAVR and 
TAVI treatment according to the likely perioperative 
risk profile of potentially treated cases according to the 
Society of Thoracic Surgeon’s Predicted Risk of Mortality 
Score (STS- PROM).20 In the absence of more specific 
UK data,21 it is explicitly acknowledged that the distribu-
tion of cases according to their surgical risk and options 
for SAVR versus TAVI will potentially underestimate or 
overestimate the risk profile of cases and the number 
of procedures that might be applied both now and the 
immediate future.

5-year mortality
To provide an indicative estimation of the potential 
number of deaths linked to severe AS without proactive 
treatment in the UK based on the estimated total number 
of cases living with the condition in 2019, we applied 
actual 5- year mortality rates observed within the same age 
groups of the NEDA cohort who did not undergo AVR.6 
Specifically, we assumed during the period 2019–2024, 
17.0%, 37.5%, 43.7%, 49.1%, 58.6%, 69.2% and 83.7% 
of those individuals aged 55–59, 60–64, 65–69, 70–74, 

Figure 1 Summary model used to derive treatable burden of disease for severe aortic stenosis (AS) in the UK. To generate 
our estimates, we first identified the number of individuals aged ≥55 years within the UK population (ie, those most at risk of 
developing severe AS) and then applied age- specific prevalence rates to this population to determine the total number of cases 
with severe AS (regardless of their symptomatic or surgical risk status) ❶. These cases were then divided into those most likely 
to be asymptomatic ❷ or symptomatic ❸. Based on the assumption that symptomatic cases would most likely be detected 
and, according to current guidelines,2 be most likely to be considered for treatment, this ‘symptomatic severe AS’ group 
was then divided into those who might be initially considered for medical ❹ versus surgical management ❺. The former was 
divided into those who would continue to receive conservative medical management ❻ versus those who might benefit from 
the increasingly accessible option of transcatheter aortic valve implantation (TAVI) ❼. The initially identified surgical cases were 
then divided according to their surgical risk profile ❽ with further stratification of this subgroup according to what proportion of 
high- risk surgical/surgical aortic valve replacement (SAVR) cases might benefit from TAVI ❾ and, similarly, what proportion of 
low- to- medium risk individuals being considered for SAVR might undergo TAVI instead ❿. For each estimate point from 2 to 10, 
the equivalent proportion (and 95% CI) applied in the original flowchart was applied.15
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75–79, 80–84 and ≥85 years, respectively, with severe AS 
(regardless of symptomatic status) would die of any cause.

Statistical analyses
All data are presented in descriptive form with 95% CI 
provided for the main estimates.

Patient and public involvement
Given the retrospective nature of study analyses, no 
participants were asked to advise on interpretation or 
writing of the manuscript.

RESULTS
Prevalence of severe AS (2019)
The overall estimated point prevalence of severe AS within the 
UK population aged 55 years and above in 2019 is 1.48%. 
As shown in figure 2 (top panel), this currently equates 
to around 300 000 UK men and women living with this 
potentially deadly condition at any one time. Of these, 
we estimate that just less than 200 000 people will present 
with symptomatic, severe AS (figure 2, bottom panel). 
The remainder of cases who remain asymptomatic (92 389 
(95% CI ~70 000 to ~144 000) people) are unlikely to be 

detected/diagnosed unless subject to proactive screening 
for AS or undergoing investigation for another cardiac 
condition.

Treatment of severe symptomatic AS (2019)
Overall, we estimate that 82 809 out of 199 059 sympto-
matic individuals (95% CI ~74 000 to ~92 000) initially 
considered unsuitable for surgery would be treated with 
medical management. Of these cases, 51 093 individuals 
(95% CI ~35 000 to~68 000) might be eligible for/benefit 
from TAVI. Among the remainder of symptomatic cases, 
we estimate that 116 251 (95% CI ~107 000 to ~126 000) 
individuals could be immediately considered for surgical 
intervention. As shown in figure 3 (distribution of SAVR 
procedures) figure 4 (distribution of TAVI procedures), 
based on the projected surgical risk profile of these 199 
059 prevalent cases with symptomatic severe AS and the 
historical distribution of procedures used to treat them, 
around 116 000 and 51 000 SAVR and TAVI procedures 
respectively, would be therapeutically indicated.

5-year mortality among all prevalent cases
Depending on the type of treatment applied, it is esti-
mated that up to 172 859 of the 291 448 prevalent cases 

Figure 2 Estimated point prevalence of severe (symptomatic) aortic stenosis (AS) in the UK (2019). This figure shows the 
estimated prevalence of severe AS across the UK in those aged ≥55 years when applying age- specific prevalence rates (top 
panel—overall prevalence of 1.48% as per purple box) in addition to those with symptoms (symptomatic rate with 95% CI 
shown in dark blue box—bottom panel). All numbers are subject to rounding from the Office of National Statistics data
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of severe AS (59.3% overall) will potentially die during 
the period 2019–2024 (an annual rate of ~35 000 severe 
AS- related deaths per annum). Reflective of their lower 
numbers and more favourable survival rates, we estimate 
that 9807 deaths (5.7% of all deaths) will occur in those 
initially aged 55–64 years with an additional 29 548 deaths 
(17.1%) occurring in those aged 65–74 years. Accord-
ingly, most deaths will occur in those aged 75–84 years 
(86 383 deaths—50.0%) and ≥85 years (47 121 deaths—
27.3%).

Overall burden and indicative management of severe AS
Figure 5 presents the overall, prevalent burden of severe 
AS in the UK for the year 2019 among those individ-
uals aged ≥55 years. Based on their likely symptomatic/
diagnosed status, it also shows the indicative therapeutic 
application of AVR according to the strata of estimates 
described above. In summary, of close to 200 000 people 
aged years and over in the UK estimated to be living with 
symptomatic, severe AS, around 168 000 would poten-
tially benefit from an AVR. Of such individuals, close to 
70 000 will be aged <75 years and therefore at high risk of 
premature mortality without proactive treatment. Addi-
tionally, just over 92 000 people will be living with severe 
AS but without symptoms representing a largely unknown 
quantity in terms of treatment status.

DISCUSSION
To our knowledge, this is the first study to specifically 
estimate the treatable burden of disease associated 
with severe, symptomatic AS within the UK popula-
tion. Largely driven by an ageing post- war population 
cohort, we estimate that close to 300 000 adults are 
currently living with this potentially deadly condition 
at any one time. Of these, around two- thirds would 
potentially qualify for SAVR or TAVI based on current 
guidelines.2 22 Critically, such an indicative burden is 
far greater than the current capacity within the NHS to 
screen, detect, triage and treat such cases.12 Moreover, 
consistent with the prediction of a more than doubling 
in valvular cases in the UK by 2046 (on the way to a 
total of 3.3 million prevalent cases in 20563), based on 
these prevalence and survival estimates and new data 
from the NEDA cohort,5 we further estimate that the 
annual number of new cases of severe AS among those 
aged ≥60 years is close to 29 000. Applying the same 
surgical risk profile as before, around 20 000 people 
would potentially benefit from SAVR or TAVI.

AS is the most common acquired heart valve disease 
requiring active clinical intervention.1 2 Its development 
is typically gradual and can go undetected without active 
case ascertainment.23 24 Moreover, the natural history of 
AS is unpredictable, although the prognosis of severe 

Figure 3 Estimated cases of severe, symptomatic aortic stenosis (AS) in the UK considered for surgical aortic valve 
replacement (SAVR) (2019). This figure shows the estimated number (with 95% CI) of prevalent cases of symptomatic, severe 
AS aged ≥55 years who would be considered for SAVR according to their STS- PROM risk category (rates provided in black 
boxes).
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AS, especially once associated with symptoms, is often 
worse than most cancers.1 The potential value of early 
detection of AS and guideline driven interventional 

treatment in severe AS is substantial, given the evidence 
that such procedures prolong life.2 11 However, realising 
this life- saving potential requires an understanding of 

Figure 4 Estimated cases of severe, symptomatic aortic stenosis (AS) in the UK considered for transcatheter aortic valve 
implantation (TAVI) (2019). This figure shows the estimated number (with 95% CI) of prevalent cases aged ≥55 years who would 
be considered too high risk for surgical aortic valve replacement (SAVR) but instead be potential candidates for TAVI (sequential 
estimate rates for both provided in the red boxes).

Figure 5 Summary of the estimated (prevalent) burden and management of severe aortic stenosis (AS) in the UK (2019). 
SAVR, surgical aortic valve replacement; TAVI, transcatheter aortic valve implantation.
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the true size of the population with severe AS who would 
benefit from treatment and the resources required to 
meet their therapeutic needs. Building on a previously 
published model15 with specific adjustments derived 
from NEDA6, we applied a robust set of estimates to 
determine the treatable burden of severe AS within the 
UK population. Beyond establishing the existence of a 
large prevalent population of severe AS (around 300 000 
people), we further estimate that around 28 000 will 
newly develop this condition each year. To place these 
figures into a clinical capacity/health service context, 
in the year 2018–2019 the following procedures were 
reported to the national audits: 5197 TAVI, 5091 
isolated SAVR and 2739 combined SAVR combined 
with coronary artery bypass grafting (a total of 13 027 
procedures).25 The surgical figures include those from 
Ireland, and some surgical procedures will have been 
undertaken for aortic regurgitation rather than AS but 
making some allowance for this it would be reasonable 
to suggest that around 10 000 procedures were under-
taken in the UK that year for severe AS, representing 
around 50% of the total we have projected to be devel-
oping symptomatic severe AS each year, and therefore 
being potential candidates for surgical or transcatheter 
intervention. There seems little doubt therefore that 
there is a significant shortfall between interventions 
undertaken for severe AS and our estimates of poten-
tial demand. Critically, our estimates of the treatable 
burden of AS are consistent with the limited data 
reported previously15 16 and our overall prevalence esti-
mate of 1.48% is congruent with the 1.3% prevalence of 
undetected AS in the OxVALVE Study.3 However, even 
a small difference between the estimated prevalence 
(1.48% when combining all- age- specific rates applied) 
versus actual prevalence of severe AS in the UK will 
increase the magnitude of error across our projections. 
Given the substantial cost of treating AS, such uncer-
tainty reinforces the need for contemporary studies of 
the population and clinical epidemiology of this poten-
tially deadly and disabling condition.2

The NHS Long Term Plan (2019) highlighted 
the need for better detection of heart valve disease 
and access to specialist care for these patients.12 The 
current study provides estimates for the burden of 
severe AS, and the likely number of SAVR and TAVI 
procedures that will be needed to treat this population 
in an optimal time frame, so that commissioners, and 
other professionals delivering care, can plan services 
appropriately. Specifically, the estimated demand will 
assist the planning of screening processes in primary 
care (noting the more than 90 000 cases estimated to 
be asymptomatic), and quicker access to secondary 
care assessment, and receive AVR where appropriate. 
The requirements for expansion of current facilities, 
improved training of staff and increased staff numbers 
will be much easier to estimate based on the model-
ling produced by this and other research. It will also 
allow for service improvements that are consistent with 

national standards and guidelines, such as those soon 
to be published by the National Institute for Health & 
Care Excellence (NICE) and the Getting it Right First 
Time programme. Recent data from the UK reveals 
concerning trends with regard to the inequitable access 
to TAVI, under provision of TAVI for severe symptom-
atic AS patients, and high rates of mortality for patients 
on TAVI waiting lists.13 Further, recent data from the UK 
NICOR dataset highlight the detrimental effect of the 
COVID- 19 pandemic on provision of both SAVR and 
TAVI for existing patients with AS.21 Such data high-
light the need for a robust and equitable plan to deliver 
potentially life- saving services to a growing number of 
people in the UK already affected, or soon to be, by 
severe AS.

LIMITATIONS
It is important to note that beyond largely reliable 
population statistics (the dynamics of which are most 
important in driving burden of disease estimates), we 
currently have no means to verify if our overlaying 
estimates of the prevalence/incidence and treatable 
burden of disease are correct. Where possible, we have 
sought to corroborate these vital statistics via the large 
NEDA cohort.5 6 We also applied the 95% CI around 
the key estimates that were synthesised by Durko and 
colleagues via meta- analyses and Monte Carlo simula-
tions of data from a broad range of countries. However, 
as noted in the current ESC/EACTS guidelines, STS- 
PROM Scores are inherently variable, and these will 
influence treatment options.2

Notably, beyond a population- based report from the 
Tromsø Study,26 the underlying prevalence and incidence 
of AS at the whole population level remains poorly char-
acterised. Thus, all our estimates should be cautiously 
interpreted.

SUMMARY
In conclusion, this study suggests that severe AS is a 
common condition affecting many individuals within 
the UK population aged ≥55 years. Without appropriate 
detection and intervention, their survival prospects 
are likely to be poor. However, the indicative treatable 
burden of disease (around 20 000 new, potentially treat-
able cases each year) is discordant with current capacity 
within the NHS to deliver AVRs in the form of SAVR 
or TAVI (regardless of the ratio in which these two 
different procedures might be applied).
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