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A B S T R A C T 
 

 

Introduction: Calcific aortic stenosis is the most common cardiac valve lesion and is becoming increasingly prevalent as life 

expectancy rises. There is evidence that patients in remote and rural areas with certain diseases have worse outcomes and present to 

specialist services later than their urban counterparts. It is not known whether patients with aortic stenosis follow a similar pattern. 

The aim of this study was to investigate whether increasing rurality was associated with later presentation to healthcare services at a 

more advanced stage of aortic stenosis. 

Methods: This was a retrospective cohort study. Using ICD-10 discharge codes and local databases, 605 patients with aortic 

stenosis who presented between 31 November 1999 and 1 December 2008 were identified. Aortic stenosis was defined as a 

pressure gradient across the aortic valve of 25 mmHg or more. Patients with prior aortic valve replacement were excluded. Clinical 

notes were reviewed for all patients. Gender, age and pressure gradient across the aortic valve at presentation and patient GP-

practice location were recorded. Patients were then assigned a Clinical Peripherality Index score based on the postcode of their GP’s 

practice to define rurality. Patient data were compared across the six defined levels of clinical peripherality by ANOVA. 

Results: Mean patient age was 73 ± 13 years, and 336 (54%) were male. The peak gradient across the valve was 

41.1 ± 26.7 mmHg. There was no association between the level of clinical peripherality and the stage of aortic stenosis at 

presentation, age or gender (all p >0.05). 

Conclusions: There was no urban-rural gradient in the severity of aortic stenosis at presentation in this remote Scottish cohort. 

This suggests that patients with this condition in remote areas do not present later in their disease trajectory. 
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Introduction 
 

Calcific aortic stenosis is the most common cardiac valve 

condition in the Western world, with age-related 

degeneration being the most common cause1. Aortic sclerosis 

is present in up to 25% of adults over the age of 65 years, 

with 16% of this patient group progressing to severe aortic 

stenosis within 7 years2,3. Thus, surveillance of this condition 

(usually by echocardiography) is advised, based on the degree 

of severity and presence of a bicuspid valve1. Aortic stenosis 

is usually identified by co-incidental echocardiogram finding, 

identification of a murmur or, in more advanced cases, 

through presentation with clinical symptoms. The first two 

situations rely upon clinical examination and referral for 

tests; the latter situation requires the patient to report their 

symptoms. Treatment of severe aortic stenosis normally 

involves surgical replacement or, more recently, 

percutaneous valve replacement1. 

 

There is some evidence that rural populations may have a 

higher prevalence of certain cardiovascular diseases, such as 

heart failure4. In addition, in certain diseases rural patients 

appear to present later in their disease process compared with 

urban patients. For example, rural patients with colon or 

lung cancer have been shown to have more severe disease at 

presentation5, while outcomes in other more acute illness 

such as asthma are worse in rural patients6. The reasons for 

these differences are not clear. It is possible that access to 

doctors and tests may be more problematic in remote and 

rural areas. Access may be restricted by lower provision, 

unreliable transport networks or poor weather conditions. 

Rural populations are also potentially more stoic and 

therefore delay seeking medical assistance, although the 

evidence for this is generally anecdotal. 

 

The aim of this study was to investigate whether patients with 

aortic stenosis who live in rural areas present later in their 

disease process compared with patients living in urban areas. 

The results of this study may be of interest to service 

providers because currently many echocardiogram services 

are centralised. 

 

Methods 
 

Design and setting 
 

The study was performed in a remote Scottish regional 

hospital with a catchment population of 205 966. 

 

The method was a retrospective analysis of a cohort of all 

patients diagnosed with aortic stenosis. 

 

Patient identification 
 

All patients with a diagnosis of aortic stenosis over a 9 year 

period (31 November 1999 to 1 December 2008) were 

identified using selected International Classification of 

Diseases-10 (ICD-10) hospital discharge codes: I06.0, I06.2, 

I08.0, I08.2, I08.3, I08.8, I42.1, I08.0, Q23.0, Q23.1, I06, 

I35.0, I35.1, I35.2, I35.8, I35.9, I39.1, Q23.0, Q23.8. 

Further, patients were identified from existing local 

echocardiographic databases. This is the only echocardiogram 

service for the North Highland Region and all patients who 

lived in the area who had an echocardiogram were included. 

Aortic stenosis was defined as a peak gradient of at least 

25 mmHg across the aortic valve measured by 

Doppler. Patients with prior aortic valve replacement at 

presentation were excluded. 

 

Clinical parameters 

 

The following data were extracted for each patient: gender, 

age and peak pressure gradient across aortic valve (mmHg), 

presence of a non-native aortic valve and patient GP practice. 

Extracting data regarding GP practice allowed a Clinical 

Peripherality Index score to be assigned to each patient 

(0=most urban; 5=most rural). Clinical peripherality is 

determined by the nature of the practice and its location 

relative to secondary care and administrative and educational 
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facilities. It has features of both gravity model-based and 

travel time/accessibility indicators7. 

 

Data handling and statistical analysis 

 

Data were stored in a secure and anonymised electronic 

database (Microsoft Excel). Data were analysed using 

descriptive statistics followed by ANOVA to explore for any 

effect of clinical peripherality. The level of significance was 

p <0.05. 

 

Ethics approval 
 

This survey used fully anonymised aggregate data collected 

during standard clinical management of patients. The primary 

goal of the study was to determine if there were deficiencies 

in service provision. Thus, as a service evaluation, formal 

ethical approval was not deemed necessary. 

 

Results 
 

A total of 709 patients diagnosed with aortic stenosis were 

identified by the primary search. A total of 104 patients were 

excluded from the analysis (60 patients had an aortic valve 

replacement present at their first available echocardiogram; 

22 patients had no detailed echocardiographic data available; 

22 patients lived out of the study area), leaving a final cohort 

of 605 patients. 

 

The mean patient age was 73 ± 13 years and 336 (54%) were 

male. The peak gradient on presentation was 

41.1 ± 26.7 mmHg. There were no differences in age, 

gender, peak gradient or peak velocity versus Clinical 

Peripherality Index (Table 1). 

 

Discussion 
 

This study has shown that in the remote area under study 

there was no rural gradient in terms of severity of aortic 

stenosis at presentation. This suggests that patients in the 

rural areas of the study do not present later in their disease 

trajectory, and that the current centralised provision of 

echocardiography service appears adequate for this patient 

population. 

 

The results of this study were slightly incongruent with data 

from other studies where there were differences between 

rural and urban populations in treatment of cardiovascular 

disease4. There are several possible explanations for this. 

Firstly, Scotland has a National Health Service which is free 

to all at the point of access, which could negate some fiscal 

barriers that may exist in other healthcare populations 

(eg Australia). Furthermore, the north of Scotland is less 

isolated than remote areas of other countries, such as 

Australia. As such, Scottish urban–rural disease gradients 

could be more subtle. In addition, patients in the study area 

have access to echocardiography which is relatively easy for 

GPs to access. Although echocardiograph services may be 

geographically remote from patients’ place of residence, in a 

recent local survey, rural GPs reported satisfaction with the 

current echocardiography service provision8. 

 

Second, the disease process itself may also have had an 

impact. Unlike some cancers (colon and lung), where there is 

some evidence to suggest delayed diagnosis in rural patients5, 

aortic stenosis is a slowly progressing disease and this may 

have negated any clinical effect of a short delay in diagnosis in 

our cohort. However, it is still possible that a gradient may 

exist in more remote populations or among those with less 

easy access to primary care physicians. 

 

Older patients may find it more challenging to access their 

healthcare professional and to travel to centralised 

echocardiography services. There appeared to be a trend 

towards a greater proportion of older patients in the remote 

areas but this was not statistically significant. There was a 

statistical difference in the proportion of patients over 

65 years in each CPI group who were diagnosed as having 

aortic stenosis but this was not a linear relationship across the 

areas, and thus this difference does not appear to be related to 

rurality. 
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Table 1: Participant characteristics according to Clinical Peripherality Index 

 
Variable Clinical peripherality index (CPI)  P 

value CPI 0 
(most urban) 

CPI 1 CPI 2 CPI 3 CPI 4 CPI 5 
(most rural) 

Population – n (%) 55 319 (27) 12 470 (6) 38 672 (19) 34 039 (17) 40 134 (19) 25 332 (13) - 
AS patients – n (%) 158 (26) 35 (6) 135 (22) 80 (13) 107 (18) 89 (15) - 
Male gender – n (%) 81 (51) 18 (51) 72 (53) 43 (54) 46 (43) 50 (56) 0.52† 
Age (years) – mean (SD)  
Age (years) – median (range) 

73 (13) 
74 (16-96) 

75 (10) 
76 (50-99) 

72 (12) 
73 (18-95) 

72 (9) 
73 (54-90) 

71 (14) 
74 (23-93) 

72 (10) 
74 (29-89) 

0.43† 

Prevalence (cases /1000 population)§ 2.9 2.8 3.5 2.4 2.7 3.5 - 
Patients with gradient >50 (mmHg) at 
presentation†† – n (%) 

54 (34) 8 (23) 30 (22) 28 (35) 23 (21) 26 (29) 0.08¶ 

Peak pressure gradient (mmHg) – mean (SD) 
Peak pressure gradient (mmHg) – median  (range)  

44.9 (27.3) 
 40 (4-146) 

36.3 (25.0) 
30 (7-102) 

37.8 (27.3) 
30 (5-180) 

43.0 (24) 
37 (6-127) 

40.3 (29.6) 
31 (5-149) 

40.4 (23.2) 
35 (8-114) 

0.20† 

Population >65 years   
Population >65 years (%) 8996 (16) 1797 (14) 7836 (20) 6128 (17) 8888 (22) 5479 (22) 0.96¶ 
AS patients >65 years – n (%) 88 (56) 20 (57) 66 (49) 39 (49) 51 (48) 46 (52) - 
Prevalence >65 years (cases /1000 population) 9.7 11.1 8.4 6.3 5.7 8.3 0.02¶ 

AS, Aortic stenosis.  
†Single factor ANOVA; ¶ χ2 test for group; §Likely to be an underestimate of the total prevalence as authors did not undertake screening but methodology was consistent across 
peripherality index groups; ††% of those patients with AS. 

 
 
 

Potential limitations 
 

The authors reported the prevalence of patients with known aortic 

stenosis in their location; however, it is possible that some patients 

with aortic stenosis were not identified and thus the true 

prevalence is likely to be higher than reported. However, 

all patients who had had an echocardiogram in the region over a 

9 year period were captured and it is unlikely that a considerable 

number of patients with known aortic stenosis were missed. The 

urban-rural analysis of aortic stenosis was conducted using a 

Clinical Peripherality Index, which was based upon the location 

of patients’ GP practices. It is possible, although unlikely, that an 

analysis by patients’ home postcodes may have produced different 

results, although most patients, especially in rural areas, are 

registered with their local GP. 
 

Conclusions 
 

This study found no urban-rural gradient in the severity of aortic 

stenosis at presentation. This suggests that patients in this remote 

areas of Scotland do not present later in their disease trajectory 

and, as such, there is little requirement to improve the availability 

of echocardiography services or to enhance screening 

arrangements in rural areas for this patient population. Provision 

of more local echocardiography services could be one method of 

reducing the sometimes considerable distance that rural patients 

must travel to and from hospital appointments; however, these 

results show it would not be likely to improve access to care for 

patients with aortic stenosis. 
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