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Abstract 

Introduction: The management of patients with severe aortic stenosis (AS) may differ according to patient age. The aim 

of this analysis was to describe patterns of aortic valve replacement (AVR) use in European countries stratified by age. 

Methods: Procedure volume data for AVR, including surgical aortic valve replacement (sAVR) and transcatheter aortic 

valve implantation (TAVI), for the years 2015–2020 were obtained from national databases for twelve European 

countries (Austria, Czech Republic, Denmark, England, Finland, France, Germany, Norway, Poland, Spain, Sweden, and 

Switzerland). Procedure volumes were reported by patient age (<50 years, by five-year age groups between 50 and 85 

years, and ≥85 years). Patients per million population (PPM) undergoing AVR each year were calculated using population 

estimates from Eurostat. 

Results: AVR PPM varied widely between countries, from 508 PPM in Germany to 174 PPM in Poland in 2020. TAVI rates 

ranged from 61% in Switzerland and Finland to 25% in Poland. AVR PPM increased with age to a peak at 80–84 years, 

after which it decreased again. AVR procedures increased from 2015 to 2019 at an average annual rate of 3.9%. AVR 

increased more substantially in people aged ≥80 years than in younger age groups; these older age groups accounted for 

30% of all AVR procedures in 2015 and 35% in 2019. TAVI accounted for an increasing proportion of all AVR procedures 

as patient age increased; an overall average of 96% of males and 98% of females aged ≥85 years received TAVI as the 

treatment modality, although adoption of TAVI differed between countries. 

Conclusions: There is considerable variation in the rates of AVR use and the adoption of TAVI versus sAVR between 

European countries. The use of TAVI has increased in recent years, particularly for older patients. 

  



4 
 

Introduction 

The prevalence of aortic stenosis (AS) increases with age, and the number of patients presenting with clinically 

significant AS is expected to increase in the future due to general population ageing [1-3]. 

In patients with severe AS, aortic valve replacement (AVR) is recommended (ESC GL 2021). ESC/EACTS guidelines 

recommend surgical AVR (sAVR) in patients <75 years being at low surgical risk, while transcatheter aortic valve 

implantation (TAVI) is recommended for patients >75 years [4] independent of surgical risk and in younger patients with 

intermediate to high surgical risk. In recent years, there has been a significant increase in the use of TAVI in elderly 

patients aged ≥80 years [5]. In addition to differences in treatment approaches between age groups, the management of 

patients with severe AS, including the rate of adoption of TAVI, varies between European countries [5-6]. This database 

analysis aimed to describe patterns of AVR (sAVR and TAVI) use stratified by age in different European countries, 

including an evaluation of changes over time. 

 

Materials and Methods 

Procedure volume data for surgical aortic valve replacement (sAVR) and transcatheter aortic valve implantation (TAVI) 

and TAVI+ PCI (percutaneous coronary intervention) combined were extracted from national statistical databases for 12 

European countries, including Austria [7-9], Czech Republic [10, 11], Denmark [12,13], England [14-16], Finland [17], 

France [18, 19], Germany [20, 21], Norway [22-24], Poland [25-26], Spain [27, 28], Sweden [29, 30] and Switzerland [31, 

32] (Table 1 and Supplementary Table 1).  

To compare changes in AVR over time, data were analysed for a 6-year period from 2015 to 2020 (except for England, 

where only data up to 2019 were available at the time of analysis). 

The sAVR and TAVI codes used in the study are found in Supplementary Table 2. In each case, the data sources provided 

information on volumes of procedures by five-year age groups for patients between 50 and 85 years and by patient sex. 

Patients aged less than 50 were grouped together, as were those aged ≥85 years. 

Due to privacy protection measures, Denmark and Norway do not provide numbers of patients for any combination of 

age and sex that comprises less than five patients, while in Spain, this applies when there are fewer than three patients; 

in these cases, values were imputed so that the sum of individual age and sex combinations added up to the total 

provided in the registry data. Procedure numbers are based on procedure type (sAVR or TAVI) and are not separated 

according to disease aetiology; therefore, the data include both aortic stenosis (AS) and aortic regurgitation (AR) 

procedures. Some countries report inpatient and outpatient activity, whereas others report only inpatient activity; for 

this analysis, it was assumed that all valve procedures took place on inpatients. It was also assumed that each database 

provides an almost complete picture of the sAVR and TAVI activity in the relevant country.  
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Patients per million population (PPM) undergoing AVR were calculated each year, using estimates of population by age 

and sex group published by Eurostat [33]. Data from the Office for National Statistics [34] were used for England 

because Eurostat does not publish estimates for that country. 

 

Results 

The average PPM undergoing AVR across all countries in 2020 was 339. The AVR PPM varied between countries, from 

508 PPM in Germany to 174 PPM in Poland. Across all countries in 2020, 51% of the procedures were TAVI, and 49% 

were sAVR. TAVI rates ranged from 61% of all AVR in Switzerland and Finland to 25% in Poland.  

There was a significant country-wise variation between PPM of AVR, especially in patients ≥80 years. Comparing PPM 

above and below the mean and there is a 5-fold difference between Denmark at 3,339 PPM and Poland at 664 PPM 

(Shown in Fig. 1). 

In the 75–84-year age range, Austria, Denmark, Finland, France, Norway, and Switzerland exhibited high levels of AVR 

adoption. At the same time, the Czech Republic, England, Spain, and Sweden had a mid-level, and Poland had a lower 

level of adoption. In Poland, the proportion of the population treated peaked at 75–79 years, which was younger than in 

other countries. The significant country-specific variation persisted in the age group of very elderly (≥85 years). Overall, 

the treatment rates were lower in elderly patients than in those between 75 and 79 years, especially in Austria, 

Denmark, Finland, and Norway. Still, country-specific rates were similar to those in the younger cohort.  

Aggregated data for 2015–2020 from all countries included in the study except England are presented in Figure 2 by age 

and type of procedure. From 2015 to 2019, total AVR procedures grew at an average annual rate of 3.9%, with TAVI 

growing at an average annual rate of 16.0% and sAVR declining by 3.0%. By age group, AVR grew more substantially in 

people aged 80 years or older, with procedures increasing by an average of 10.8% per year in the ≥85-year age group 

and 6.9% per year in the 80–84-year age group compared with 1.8% in the groups below 80 years of age. This meant 

that over time the 80+ age groups accounted for an increasing proportion of the total (all ages combined) number of 

AVR performed, rising from 30% of all AVR in 2015 to 35% in 2019.  

Consistent with the expansion of AVR in the elderly, the use of TAVI has increased to constitute a larger proportion of 

AVRs. In the age group of 75–79 years, TAVI accounted for 29% of AVR procedures in 2015 and grew to 58% in 2020. To 

a lesser extent, in the group aged <65 years, TAVI increased from 3% to 6% of AVR procedures between 2015 and 2019. 

The proportion of TAVI among total AVR procedures increased substantially with increasing age (shown in Fig. 3). 

However, the adoption of TAVI varied by country (shown in supplementary Fig. 1). Particularly in the age group 75-79 

years, the ratio of TAVI to SAVR differed from 78% in Finland to 34% in England. 
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Discussion 

Nearly 20 years ago, the Euro Heart Survey highlighted that the most frequently stated reason that patients did not 

undergo treatment for single valve disease was old age [35]. In recent years up to 2020, substantial growth in treating 

patients aged >80 years, which is likely to continue as the population ages, confirms that TAVI has given new options for 

patients suffering from aortic valve disease. The fact that the growth of AVR PPM in the elderly age groups continues 

upward suggests that many patients remain untreated. 

Our analysis highlights the variation in AVR PPM across European countries and may identify the age-specific 

undertreatment. Differences in reimbursement systems between countries may account for some of this. However, the 

different AVR adoption rates also reflect the age demographics in different countries. For example, in Germany 11.5% of 

its population is 75 years or older. If we adjust for the age profile differences by calculating the overall AVR PPM rate as 

if every country had the same age profile, the difference in overall PPM between Germany and Norway changes from 

157 to 42 (shown in supplementary Fig. 2). 

Naturally, a question arises about whether the higher AVR adoption countries have seen a steeper reduction in the 

surgical approach than the low-adoption countries. To some extent, this can be observed, as relatively high use of sAVR 

remains in England's 80–84-year age group; likewise, sAVR adoption in Sweden is higher than in its Nordic neighbours. 

However, Germany, a country with a very high level of AVR adoption, and Spain, a country with comparably lower AVR 

adoption, have similar sAVR adoption rates in that age group. Likewise, in the 75-79-year age group, we can observe that 

France, Germany, and Austria have strong adoption of surgery, far higher than in countries with lower adoption of TAVI, 

such as England, Spain and Sweden. These observations suggest that sAVR implant levels are relatively independent of 

overall AVR adoption and that increased utilisation of TAVI is not at the cost of decreased SAVR (16% increase of TAVI 

and 3% decrease of SAVR) but rather reflects improved diagnosis and referral pathways. 

Treatment of the very elderly (≥85 years) 

The increase in the prevalence of AS with age is well documented. In a large study, Nkomo et al. [36] showed moderate 

to severe AS increasing from 0.2% in the general population in the age range 55–64 to 2.8% in the ≥75-years group. The 

AGES-Reykjavik found a prevalence of severe AS (diagnosed by AV area measured with echocardiography) of 2.4% at age 

70–79 years, which increased steeply to 7.3% at age >80 years [37]. The Tromsø study reported the prevalence of mild, 

moderate, and severe AS (identified by a mean gradient) to be 3.7% at age 70–79 years and 10.3% at age 80–89 years 

[2].  

The steep increase in the percentage of the population with AS is evident in the treatment data presented in this study. 

Fig. 3 reveals a consistent relationship between age and PPM, reaching a peak in the 80–84-year age group. That peak 

involved 0.42% of the male population and around 0.27% of females in Germany in 2020. It is not difficult to imagine the 

increase in the proportion of individuals affected by AS continuing into the elderly population aged ≥85 years. Some 
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countries treat a higher portion of the very elderly. France shows a relatively small difference of 10% between the peak 

treatment rates observed in the 80–84-year age group and in the ≥85-year age group (shown in supplementary Fig. 3). 

That compares favourably to Spain, where the older age group is treated far less than the 80–84-year group, with a 42% 

difference. We do not know the clinical condition of the very elderly patients behind these numbers, which could explain 

some of the differences between countries and sexes. Still, we can speculate that the advanced age and likely higher 

comorbidities of this population probably prevent their being referred for AVR or being treated once they are referred. 

Nevertheless, as prevalence rates probably increase in the ≥85-year age group, and treatment rates currently decrease 

in this age group in all countries, this indicates a degree of undertreatment that might be corrected by careful selection. 

Outcomes/life expectancy for 85+ and nonagenarian patients 

Patients aged >85 years can have excellent outcomes after TAVI. About half of the patients undergoing TAVI in the 

randomized PARTNER study [38] had an age of 83.6 and above, but randomized studies in nonagenarians are clearly 

missing. Other studies have generally found that rates of post-TAVI complications and 30-day and 1-year mortality in 

patients aged >85 years are similar to those in patients aged <85 [39-41]. However, studies specifically evaluating 

nonagenarians have produced conflicting results. Some registry studies have reported a higher rate of mortality in 

patients aged >90 years compared with younger patients at 30 days [42, 43] and one year [42] post-TAVI. In contrast, 

other studies have found that survival was similar between patients above and below 90 years at up to 4–5 years post-

TAVI [44, 45]. One study found that mortality at 1-year post-TAVI was higher in nonagenarians compared with an age- 

and sex-matched general population cohort, but that after two years, the survival curves converged [46]. The Swiss-TAVI 

registry found a linear increase in post-TAVI complications and mortality with increasing age. Still, it noted that after 90 

years of age, patients who underwent TAVI had similar mortality to a national reference population [47]. Age should not 

be the sole deciding factor when treating patients with AS; other factors, such as comorbidities and frailty, should be 

considered [48]. TAVI may be appropriate for fully selected nonagenarians [42, 46, 49]. 

sAVR conversion and 2021 Guidelines 

The 2021 ESC/EACTS guidelines for managing valvular heart disease recommend sAVR for symptomatic AS patients aged 

<75 years who are low surgical risk and TAVI for patients aged ≥75 years or younger patients who are intermediate to 

high risk [4]. Our study gathered data before the publication of this update. In addition, we did not obtain information 

on the specific reasons for treatment choices in patients. However, we can make some general comments concerning 

the patient’s age. In 2020, TAVI was used in the majority of patients aged ≥75 years in the overall analysis, although a 

substantial number of younger patients also received TAVI. There was considerable variation between countries, most 

notably in the 75–79-year age group, with less than half of patients in this age group receiving TAVI in several countries, 

including England and Spain. In the overall analysis, the use of TAVI increased in all age groups between 2015 and 2019, 

including in patients aged <65 years. This might suggest that in some European countries, real-world clinical practice 

differs from the latest guideline recommendations, something which has been noted previously in Europe and the USA 
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[50, 51]. However, there are various possible reasons for using TAVI in younger age groups, such as patients being high 

risk, patient preference, and an increasing level of surgical experience and availability of improved devices leading to 

younger high-risk patients being treated.   

Limitations 

Data were obtained for 12 European countries; efforts were made to identify data sources for other Western European 

countries, including Belgium, Ireland, Italy, Netherlands, and Portugal, but were unsuccessful. This analysis relied on 

information about procedure volumes from publicly available sources. We did not obtain data specifically for AS; 

therefore, AVR performed to treat AR is included in the procedure numbers. This study did not report clinical outcomes; 

however, clinical data on AS patients in France from the same PMSI database have been reported previously [52, 53]. 

Comparison of PMSI data for cases of AS with our dataset from the same source that included all etiologies suggests that 

in 2019, AR comprised 29% of sAVR cases (increasing from 24% in 2011) and 4% of TAVI cases (decreasing from 5% in 

2011). The AR cases included in our analysis may affect the strength of the observations. 

 

Conclusions 

There is considerable variation in the rates of AVR use and the adoption of TAVI versus sAVR between European 

countries. Given that age-stratified prevalence rates appear similar across European countries, the data suggest that this 

variation may also be the results in differences in healthcare systems. Overall, it has been observed the use of TAVI has 

increased in recent years, particularly for older patients. 
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Fig. 1. Patients per million undergoing AVR procedures by age group, for both sexes combined for each country 

Legend: AVR, aortic valve replacement 

Fig. 2. Trends in absolute numbers of AVR by age and therapy type for all countries included in the study except England. 

Average annual growth rates for 2015–2019 for A) TAVI and B) sAVR. 

Legend: AVR, aortic valve replacement; sAVR, surgical aortic valve replacement; TAVI, transcatheter aortic valve 

implantation 

Fig. 3. Average patients per million by age and therapy in 2020 (England 2019) for all countries combined (overall 

population) 

Legend: AVR, aortic valve replacement; PPM, patients per million; TAVI, transcatheter aortic valve implantation 

 

 



Table 1. Sources of data by country 

Country Source 

Austria ÖGIS (Austrian Health Information System) [7-9] 

Data were requested directly from the authority 

Czech Republic UZIS (Institute of Health Information and Statistics) [10, 11] 

Data were requested directly from the authority 

Denmark National Patient Register [12, 13] 

Data available online through to 2018, and requested directly from the National Patient 

Register for 2019 and 2020  

England NHS Digital (National Health Service) [14-16] 

Total AVR data available online; codes distinguishing sAVR from TAVI were requested 

directly from NHS Digital 

Finland THL (Institute of Health and Welfare) [17] 

Data were requested directly from the authority 

France PMSI (Programme de Médicalisation des Systèmes d’Information) [18, 19] 

Data were requested directly from the authority 

Germany DESTATIS (German Federal Office of Statistics) [20, 21] 

Data were requested directly from the authority 

Norway National Patient Register [22-24] 

Total AVR data available online; codes distinguishing sAVR from TAVI were requested 

directly from the Norwegian Directorate of Health 

Poland NFZ (National Health Fund) [25, 26] 

Data were requested directly from the authority 

Spain RAE-CMBD (Registry of Specialized Health Activity [27, 28] 

Data available online 

Sweden National Board of Health and Welfare [29, 30] 

Data available online 



Switzerland BFS (Federal Statistics Office) [31, 32] 

TAVI and sAVR data available online; specific data splits by sex and five-year age groupings 

were requested directly from the Federal Statistics Office 

Legend: sAVR, surgical aortic valve replacement; TAVI, transcatheter aortic valve implantation 
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Supplementary material Legends 

 

Supplementary Table 1 Sources of data by country 

                Legend: sAVR, surgical aortic valve replacement; TAVI, transcatheter aortic valve implantation 

 

Supplementary Table 2 Procedure classification system and procedure codes for sAVR and TAVI used 

in the study 

Legend: sAVR, surgical aortic valve replacement; TAVI, transcatheter aortic valve implantation 

 

Supplementary Fig. 1. Average patients per million by age and therapy for individual countries in 

2020 (except England, 2019) 

Legend: AVR, aortic valve replacement; PPM, patients per million; TAVI, transcatheter aortic valve 

implantation 

 

Supplementary Fig. 2. Impact of the age profile of individual countries: aortic valve replacement 

(AVR) patients per million population (PPM), unadjusted and adjusted for age profile calculated as if 

the age profile of each country corresponded to the average of all countries 

Legend: PPM = patients per million population. 

 

Supplementary Fig. 3. Difference in aortic valve replacement implants per million from the 80–84-

year age group to the ≥85-year age group, expressed as a positive number  

Legend: PPM = patients per million population 



Supplementary Table 1 Sources of data by country 

Country Source 

Austria ÖGIS (Austrian Health Information System)  

ÖGIS is maintained by Health Austria (GÖG). Data are sourced from individual hospitals and 

consolidated at the federal level by GÖG [7]. Individual hospitals are required to report the medical 

procedures by the Documentation in Health Care Act (No. 745/1996 §1)[8]. Procedure coding with a 

MEL code is required for reimbursement in the diagnosis-related group (DRG) system [9]. 

Czech 

Republic 

UZIS (Institute of health information and statistics)  

Data for the Czech Republic come from UZIS and a combination of two sources: TAVI data were 

sourced from the NRHZS or National Register of Paid Health Services and sAVR data from the NKR or 

Cardiac Surgery Module. Data for the NRHZS is reported by insurers and contains all reported and 

recognized procedures provided by a healthcare provider in the Czech Republic [10]. The NKR is a 

registry that records all cardiac surgeries performed and each cardiac surgery center in the Czech 

Republic is required to report surgery data to the registry [11]. In each registry, a unique patient 

identifier is used, and duplicates are removed from the report obtained from UZIS. TAVI codes are 

provided in Supplementary Table 1. UZIS reported that sAVR was identified in the NKR as surgical 

replacements of aortic valves. 

Denmark National Patient Register 

The National Patient Register in Denmark is maintained by the Danish Health and Medicines 

Authority [12]. The legal basis for the register is provided by the Health Act LBK no 1188. The register 

includes all procedures taking place in public hospitals and in private hospitals paid for by public 

funds; because of the DRG system in Denmark, private hospitals are not paid for publicly funded 

procedures without the episode being recorded in the register. Activity relating to self-pay or 

insurance pay procedures may be incomplete, but we assumed most valve replacement procedures 

in Denmark were public pay. In Nordic countries, procedures are classified according to the 

NOMESCO (Nordic Medico-Statistical Committee) coding; in Denmark a slightly different NOMESCO 

coding is used, called SKS coding [13]. 

England NHS Digital (National Health Service) 

Procedures in England are published by the NHS Digital organization in the Hospital Episodes 

Statistics (HES) data warehouse [14]. NHS Digital is given legal right to collect healthcare information 

by the Health and Social Care Act 2012 [15]. The database contains all admissions to NHS hospitals as 

well as NHS commissioned activity in non-NHS hospitals. Patient stays are recorded as Finished 



Consultant Episodes (FCEs) and are defined as a period of care for a patient under a single physician 

at a single hospital. Activity taking place in the rest of the United Kingdom (Scotland, Wales, and 

Northern Ireland) are not recorded in the NHS England Digital database. A year in the database is 

defined as the period between April 1 and March 31 of the following calendar year; for simplicity, we 

matched the NHS data to the calendar year where most of the overlap occurs. For example, the NHS 

England year 2018/2019 is matched to calendar year 2018. Procedures in England are coded with an 

OPCS number, specific to the NHS system [16]. 

Finland THL (Institute of Health and Welfare) 

In Finland, maintenance of healthcare statistics is the responsibility of the THL, and inpatient hospital 

stays are reported by the mandate of several legal acts [17]. Individual municipalities who are 

responsible for healthcare submit data on inpatient stays yearly to THL, who engage in data quality 

checks and aggregate the data at the national level. THL procedure codes are a variation on the 

Nordics NOMESCO coding system and are specific to Finland. 

France PMSI (Programme de Médicalisation des Systèmes d’Information) 

The PMSI is an administrative database comprising all procedures taking place in France in both 

public and private hospitals. The purpose of the database is primarily to facilitate the reimbursement 

of procedures in the French Prospective Payment System (PPS) [18]. Procedures are coded according 

to a common classification scheme for France, the CCAM [19]. 

Germany DESTATIS (German Federal Office of Statistics)  

For Germany, we used case-based hospital statistics published by the German Federal Office of 

Statistics [20]. The dataset includes all inpatient procedures in hospitals that are reimbursed by 

health insurers through the country’s DRG reimbursement system by application of §1 of the Hospital 

Remuneration Act (KHEntgG). Data are grouped according to an operation and procedure code (OPS) 

specific to the German healthcare system [21].  

Norway National Patient Register  

The Norwegian Directorate of Health maintains a Patient Register for the purposes of administration 

and quality assurance of the specialist health services in the country. The legal basis for the register is 

determined by Royal Decree no. 7 from December 2007 and relates to the Ministry of Health and 

Care Services [22]. The Norwegian Patient Register contains both procedures funded through the 

DRG system in the country and activity with other funding [23]. Coding of procedures is accomplished 

using an NCSP number [24], using the NOMESCO system as a basis.  

Poland NFZ (National Health Fund)  



Legend: sAVR, surgical aortic valve replacement; TAVI, transcatheter aortic valve implantation 

 

The NFZ maintains data relating to numbers of procedures paid for by the NFZ [25]. We assumed all 

procedures in Poland are paid for by the NFZ. Specific to the sAVR codes, there is some ambiguity in 

the definition of the surgical procedure codes. The code descriptions reference a particular surgical 

procedure, but the descriptions also include procedures that cost similar amounts as the referenced 

procedure. It is possible the data overstate the number of sAVRs if procedures of a similar cost but 

not representing an AVR are recorded using the same codes. We compared the 2015 NFZ surgical 

data to a recent publication of the mandatory Polish National Cardiac Surgery Database[26]. That 

study excluded patient records that were less than 90% complete and patients younger than 18 years 

of age and would therefore logically be lower than those reported by NFZ. Indeed, we found the NFZ 

numbers to be about 23% higher than the cardiac surgery database (7504 versus 6101), highlighting 

the potential overstatement of the NFZ numbers. 

Spain RAE-CMBD (Registry of Specialized Health Activity) 

The RAE-CMBD from the Spanish Ministry of Heath combines administrative and clinical information 

on patients treated in Spain. Updated rules for RAE-CMBD were introduced by royal decree 69/2015 

in 2015, and since 2016 the registry reports data on procedures occurring in both public and private 

hospitals [27]. ICD-10 procedure codes [28] have been used as the basis of the RAE-CMBD procedure 

registry from 2016 onwards; prior to that year, ICD-9 codes were used. 

Sweden National Board of Health and Welfare 

The Swedish National Board of Health and Welfare has been appointed by the government to be 

responsible for, and publish statistics related to, healthcare, and is regulated by law (2001: 99) on 

official statistics [29]. Data related to sAVR and TAVI can be found in the National Patient Registry of 

specialist care. The statistics reported are inpatient care and outpatient specialist care visits. 

Hospitals in Sweden use the NOMESCO (Nordic Medico-Statistical Committee) classification of 

surgical procedures for recording procedure numbers in the database [30]. 

Switzerland BFS (Federal Statistics office)  

In Switzerland, hospital medical statistics are collected by the BFS. The data are collected from every 

hospital in Switzerland on a yearly basis. The legal basis is provided by Federal Statistics Law of 

October 1, 1992 (BStatG) and the Federal Health Insurance Act of March 18, 1994 (KVG) [31]. In 

Switzerland, CHOP codes are used for classifying procedures and the coding is unique to Switzerland 

[32]. 



Supplementary Table 2 Procedure classification system and procedure codes for sAVR and TAVI used in 

study 

Country 
Classification 

System 

Procedur

e Code 
Description 

Procedure 

Type 

Austria MEL DB070 Replacement of the aortic valve with a stentless valve sAVR 

Austria MEL DB080 Replacement of the aortic valve with a stented valve sAVR 

Austria MEL DB082 
Replacement of the aortic valve with an artificial 

mechanical valve 
sAVR 

Austria MEL DG090 
Reconstruction of the ascending aorta with aortic 

valve replacement 
sAVR 

Austria MEL DG100 
Reconstruction of the ascending aorta with aortic 

valve replacement in cardiac arrest 
sAVR 

Austria MEL DB025 
Replacement of the aortic valve - catheter-supported, 

transapical 
TAVI 

Austria MEL DB026 
Replacement of the aortic valve - catheter-supported, 

transvascular 
TAVI 

Czech 

Republic 
 7035 

(DRG) Transapical transcatheter aortic valve 

implantation 
TAVI 

Czech 

Republic 
 17697 Catheter implantation of the valve TAVI 

Czech 

Republic 
 55097 

(DRG) Transapical implantation of a biological heart 

valve 
TAVI 

Czech 

Republic 
 55225 

Transcatheter implantation of a biological heart valve 

by surgery 
TAVI 

Czech 

Republic 
 91757 

(DRG) Transaortic transcatheter aortic valve 

implantation 
TAVI 

Denmark SKS KFMD00 Reduction of mechanical aortic valve prosthesis sAVR 

Denmark SKS KFMD10 Insertion of biological aortic valve prosthesis sAVR 

Denmark SKS KFMD20 Insertion of aortic valve homograft sAVR 

Denmark SKS KFMD30 
Reconstruction of aortic root with homograft and 

coronary reimplantation 
sAVR 



Denmark SKS KFMD33 
Reconstruction of aortic root with xenograft and 

coronary reimplantation 
sAVR 

Denmark SKS KFMD40 
Reconstruction of aortic root with pulmonary 

autograft and coronary reimplantation 
sAVR 

Denmark SKS KFMD96 Second insertion of aortic valve prosthesis sAVR 

Denmark SKS KFMD14 
Percutaneous insertion of biological aortic valve 

prosthesis 
TAVI 

Denmark SKS KFMD11 
Transapical insertion of biological aortic valve 

prosthesis 
TAVI 

Denmark SKS KFMD12 Transaortal TAVI (TAVI aortic valve implantation) TAVI 

Denmark SKS KFMD12A 
Transaortal TAVI (TAVI aortic valve implantation) 

through ministerial anatomy 
TAVI 

Denmark SKS KFMD12B 
Transaortal TAVI (TAVI aortic valve implantation) 

through mini-trachotomy 
TAVI 

England 

OPCS 

Primary 

Code 

K26.1 Allograft replacement of aortic valve 
sAVR and 

TAVI 

England 

OPCS 

Primary 

Code 

K26.2 Xenograft replacement of aortic valve 
sAVR and 

TAVI 

England 

OPCS 

Primary 

Code 

K26.3 Prosthetic replacement of aortic valve 
sAVR and 

TAVI 

England 

OPCS 

Primary 

Code 

K26.4 Replacement of aortic valve NEC 
sAVR and 

TAVI 

England 

OPCS 

Secondary 

Code 

Y49.4 Transapical approach to heart TAVI 

England 

OPCS 

Secondary 

Code 

Y53 Approach to organ under image control TAVI 



England 

OPCS 

Secondary 

Code 

Y68 Other approach to organ under image control TAVI 

England 

OPCS 

Secondary 

Code 

Y78 Arteriotomy approach to organ under image control TAVI 

England 

OPCS 

Secondary 

Code 

Y79 Approach to organ through artery TAVI 

Finland THL FMD Replacement of aortic valve sAVR 

Finland THL FMD00 
Replacement of aortic valve using mechanical 

prosthesis 
sAVR 

Finland THL FMD10 
Replacement of aortic valve using biological 

prosthesis 
sAVR 

Finland THL FMD20 Replacement of aortic valve using homograft sAVR 

Finland THL FMD22 
Percutaneous transluminal replacement of aortic 

valve using biological prosthesis 
TAVI 

Finland THL FMD24 
Percutaneous transapical replacement of aortic valve 

using biological prosthesis 
TAVI 

Finland THL FME10 TAVI, subclavian route TAVI 

Finland THL FME20 TAVI, transfemoral route TAVI 

Finland THL FME30 TAVI, transapical route TAVI 

Finland THL FME40 TAVI, transient TAVI 

Finland THL FME60 TAVI, Valve-in-Valve TAVI 

Finland THL FME70 
Catheter intervention for aortic valve prosthesis, 

other route 
TAVI 

France CCAM DBMA001 

Reconstruction of the aortic pathway by annulus 

enlargement with valve replacement, by thoracotomy 

with extracorporeal circulation 

sAVR 

France CCAM DBMA006 
Reconstruction of the aortic annulus with 

replacement of the valve by non-stented 
sAVR 



bioprosthesis, by thoracotomy with extracorporeal 

circulation 

France CCAM DBMA009 

Reconstruction of the aortic annulus with 

replacement of the valve by mechanical prosthesis or 

stented bioprosthesis, by thoracotomy with 

extracorporeal circulation 

sAVR 

France CCAM DBMA010 

Reconstruction of the aortic annulus with 

replacement of the valve by homografting, by 

thoracotomy with extracorporeal circulation 

sAVR 

France CCAM DGKA011 

Replacement of the ascending thoracic aorta with 

replacement of the aortic valve, without 

reimplantation of the coronary arteries, by 

thoracotomy with extracorporeal circulation 

sAVR 

France CCAM DGKA015 

Replacement of the ascending thoracic aorta with 

replacement of the aortic valve, with reimplantation 

of the coronary arteries, by thoracotomy with 

extracorporeal circulation 

sAVR 

France CCAM DGKA018 

Replacement of the ascending thoracic aorta and the 

horizontal aorta with replacement of the aortic valve, 

without reimplantation of the coronary arteries, by 

thoracotomy with extracorporeal circulation 

sAVR 

France CCAM DGKA014 

Replacement of the ascending thoracic aorta and the 

horizontal aorta with replacement of the aortic valve, 

with reimplantation of the coronary arteries, by 

thoracotomy with extracorporeal circulation 

sAVR 

France CCAM DBLA002 

Placement of a valve conduit between a ventricle and 

the aorta, by thoracotomy with extracorporeal 

circulation 

sAVR 

France CCAM DBKA001 
Replacement of the aortic valve by homografting, by 

thoracotomy with extracorporeal circulation 
sAVR 

France CCAM DBKA003 

Replacement of the aortic valve by non-stented 

bioprosthesis, thoracotomy with extracorporeal 

circulation 

sAVR 



France CCAM DBKA006 

Replacement of the aortic valve by mechanical 

prosthesis or stented bioprosthesis, by thoracotomy 

with extracorporeal circulation 

sAVR 

France CCAM DBKA011 

Replacement of the aortic valve by prosthesis in a 

non-anatomical position, by thoracotomy with 

extracorporeal circulation 

sAVR 

France CCAM DBKA009 

Replacement of the aortic valve and the left 

atrioventricular valve by mechanical prosthesis or by 

stented bioprosthesis, by thoracotomy with 

extracorporeal circulation 

sAVR 

France CCAM DBLF001 
Placement of an aortic bioprosthesis, via the 

transcutaneous arterial route 
TAVI 

France CCAM DBLA004 
Placement of an aortic bioprosthesis, by approaching 

the apex of the heart by thoracotomy without CEC 
TAVI 

Germany OPS 5-351.0 Aortic valve replacement sAVR 

Germany OPS 5-352.0 Redo aortic valve replacement sAVR 

Germany OPS 5-35a.00 Endovascular aortic implantation TAVI 

Germany OPS 5-35a.01 Transapical aortic impl. w/o closure TAVI 

Germany OPS 5-35a.02 Transapical aortic impl. with closure TAVI 

Germany OPS 5-35a.03 
Endovascular, with primary balloon expandable 

implant 
TAVI 

Germany OPS 5-35a.04 Endovascular, with primary self-expanding implant TAVI 

Norway NCSP FMD00 
Replacement of aortic valve using mechanical 

prosthesis 
sAVR 

Norway NCSP FMD10 
Replacement of aortic valve using biological 

prosthesis 
sAVR 

Norway NCSP FMD20 Replacement of aortic valve using homograft sAVR 

Norway NCSP FMD30 
Replacement of aortic root using homograft and 

reimplantation of coronary arteries 
sAVR 

Norway NCSP FMD33 
Replacement of aortic valve using xenograft and 

reimplantation of coronary arteries 
sAVR 



Norway NCSP FMD40 

Aortopulmonary root replacement using autograft of 

aortic root with reimplantation of coronary arteries 

and homograft to pulmonary ostium (Ross operation) 

sAVR 

Norway NCSP FMD96 Other prosthetic replacement of aortic valve sAVR 

Norway NCSP FMK12A 
Percutaneous transluminal implantation of biological 

aortic valve prosthesis 
TAVI 

Norway NCSP FMK14A 
Percutaneous transapical implantation of biological 

aortic valve prosthesis 
TAVI 

Poland NFZ 
5.54.01.0

000043 

Mechanical valve implantation or use of a technical 

product with a value comparable to the price of a 

mechanical valve ≥ 18 years 

sAVR 

Poland NFZ 
5.54.01.0

000044 

Biological valve implantation or use of a technical 

product with a value comparable to the price of a 

biological valve ≥ 18 years 

sAVR 

Poland NFZ 
5.54.01.0

000045 

Treatment on the heart and aorta with use of 

implantable technical or biological product with a 

total value comparable to the price of two mechanical 

valves ≥ 18 years 

sAVR 

Poland NFZ 
5.54.01.0

000046 

Implantation of two biological valves or use of a 

technical product with a value comparable to the 

price of two biological valves ≥ 18 years 

sAVR 

Poland NFZ 
5.54.01.0

000071 

Mechanical valve implantation or use of a technical 

product with a value comparable to the price of a 

mechanical valve < 18 years 

sAVR 

Poland NFZ 
5.54.01.0

000072 

Biological valve implantation or use of a technical 

product with a value comparable to the price of a 

biological valve < 18 years 

sAVR 

Poland NFZ 
5.54.01.0

000073 

Treatment on the heart and aorta with use of 

implantable technical or biological product with a 

total value comparable to the price of two mechanical 

valves < 18 years 

sAVR 



Poland NFZ 
5.54.01.0

000074 

Implantation of two biological valves or use of a 

technical product with a value comparable to the 

price of two biological valves < 18 years 

sAVR 

Poland NFZ 
5.54.01.0

000057 
Transfemoral TAVI TAVI 

Poland NFZ 
5.54.01.0

000058 
Transapical TAVI TAVI 

Spain ICD-10 02RF4JZ 
Aortic valve replacement, with synthetic substitute, 

percutaneous endoscopic approach [sutureless sAVR] 
sAVR 

Spain ICD-10 02RF4KZ 

Aortic valve replacement, with non-autologous tissue 

substitute, percutaneous endoscopic approach 

[sutureless sAVR] 

sAVR 

Spain ICD-10 02RF47Z 

Aortic valve replacement, with autologous tissue 

substitute, percutaneous endoscopic approach 

[sutureless sAVR] 

sAVR 

Spain ICD-10 02RF48Z 
Aortic valve replacement, with zooplastic tissue, 

percutaneous endoscopic approach [sutureless sAVR] 
sAVR 

Spain ICD-10 02RF0JZ 
Aortic valve replacement, with synthetic substitute, 

open approach 
sAVR 

Spain ICD-10 02RF0KZ 
Aortic valve replacement, with non-autologous tissue 

substitute, open approach 
sAVR 

Spain ICD-10 02RF07Z 
Aortic valve replacement, with autologous tissue 

replacement, open approach 
sAVR 

Spain ICD-10 02RF08Z 
Aortic valve replacement, with zooplastic tissue, open 

approach 
sAVR 

Spain ICD-10 02RF3JH 
Aortic valve replacement, with synthetic substitute, 

percutaneous, transapical approach 
TAVI 

Spain ICD-10 02RF3KH 
Aortic valve replacement, with non-autologous tissue 

substitute, percutaneous, transapical approach 
TAVI 

Spain ICD-10 02RF37H 
Aortic valve replacement, with autologous tissue 

replacement, percutaneous, transapical approach 
TAVI 



Spain ICD-10 02RF38H 
Aortic valve replacement, with zooplastic tissue, 

percutaneous, transapical approach 
TAVI 

Spain ICD-10 02RF3KZ 
Aortic valve replacement, with non-autologous tissue 

substitute, percutaneous approach 
TAVI 

Spain ICD-10 02RF37Z 
Aortic valve replacement, with autologous tissue 

substitute, percutaneous approach 
TAVI 

Spain ICD-10 02RF38Z 
Aortic valve replacement, with zooplastic tissue, 

percutaneous approach 
TAVI 

Spain ICD-10 02RF3JZ 
Aortic valve replacement, with synthetic tissue, 

percutaneous approach 
TAVI 

Sweden NOMESCO FMD00 
Replacement of aortic valve using mechanical 

prosthesis 
sAVR 

Sweden NOMESCO FMD10 
Replacement of aortic valve using biological 

prosthesis 
sAVR 

Sweden NOMESCO FMD20 Replacement of aortic valve using homograft sAVR 

Sweden NOMESCO FMD30 
Replacement of aortic root using homograft and 

reimplantation of coronary arteries 
sAVR 

Sweden NOMESCO FMD33 
Replacement of aortic valve using xenograft and 

reimplantation of coronary arteries 
sAVR 

Sweden NOMESCO FMD40 

Aortopulmonary root replacement using autograft of 

aortic root with reimplantation of coronary arteries 

and homograft to pulmonary ostium (Ross operation) 

sAVR 

Sweden NOMESCO FMD96 Other prosthetic replacement of aortic valve sAVR 

Sweden NOMESCO FMD12 
Percutaneous transluminal replacement of aortic 

valve using biological prosthesis 
TAVI 

Sweden NOMESCO FMD13 
Percutaneous transapical replacement of aortic valve 

using biological prosthesis 
TAVI 

Switzerland CHOP 35F111 
Aortic valve replacement by allograft (homograft), via 

total sternotomy 
sAVR 

Switzerland CHOP 352220 
Aortic valve replacement by autotransplantation 

[Ross surgery] 
sAVR 



Switzerland CHOP 35F122 

Aortic valve replacement by xenograft (bioprosthesis), 

via minimally invasive thoracotomy (partial upper 

sternotomy, lateral thoracotomy) 

sAVR 

Switzerland CHOP 35F121 
Aortic valve replacement by xenograft (bioprosthesis), 

via total sternotomy 
sAVR 

Switzerland CHOP 35F131 
Aortic valve replacement by xenograft, stentless, via 

total sternotomy 
sAVR 

Switzerland CHOP 352110 Aortic valve replacement with graft, bioprosthesis sAVR 

Switzerland CHOP 352112 
Aortic valve replacement with graft, bioprosthesis 

stentless, open surgery 
sAVR 

Switzerland CHOP 352100 Aortic valve replacement with graft, not specified sAVR 

Switzerland CHOP 352199 Aortic valve replacement with graft, other sAVR 

Switzerland CHOP 352111 
Aortic valve replacement with graft, self-expanding 

bioprosthesis, sutureless, open surgery 
sAVR 

Switzerland CHOP 352120 
Implantation of a valved vascular prosthesis, 

biological aortic valve 
sAVR 

Switzerland CHOP 352221 
Open replacement of a mechanical aortic valve 

prosthesis 
sAVR 

Switzerland CHOP 352230 
Implantation of a valved vascular prosthesis, 

mechanical aortic valve 
sAVR 

Switzerland CHOP 352299 Other aortic valve replacement, other sAVR 

Switzerland CHOP 35F109 
Aortic valve replacement by prosthetic heart valve or 

valved vascular prosthesis, other 
sAVR 

Switzerland CHOP 35F112 

Aortic valve replacement by allograft (homograft), via 

minimally invasive thoracotomy (partial upper 

sternotomy, lateral thoracotomy) 

sAVR 

Switzerland CHOP 35F132 

Xenograft aortic valve replacement, stentless, via 

minimally invasive thoracotomy (partial upper 

sternotomy, lateral thoracotomy) 

sAVR 

Switzerland CHOP 35F141 
Aortic valve replacement with self-expanding 

xenograft, sutureless, via total sternotomy 
sAVR 



Switzerland CHOP 35F142 

Aortic valve replacement by self-expanding xenograft, 

suture-free, via minimally invasive thoracotomy 

(partial upper sternotomy, lateral thoracotomy) 

sAVR 

Switzerland CHOP 35F151 
Aortic valve replacement by mechanical prosthesis, 

via total sternotomy 
sAVR 

Switzerland CHOP 35F152 

Aortic valve replacement by mechanical prosthesis, 

via minimally invasive thoracotomy (partial upper 

sternotomy, lateral thoracotomy) 

sAVR 

Switzerland CHOP 35F161 
Aortic valve replacement by valved vascular 

prosthesis, biological, via complete sternotomy 
sAVR 

Switzerland CHOP 35F162 

Aortic valve replacement by valved vascular 

prosthesis, biological, via minimally invasive 

thoracotomy (partial upper sternotomy, lateral 

thoracotomy) 

sAVR 

Switzerland CHOP 35F171 
Aortic valve replacement by valved vascular 

prosthesis, mechanical, via total sternotomy 
sAVR 

Switzerland CHOP 35F172 

Aortic valve replacement by valved vascular 

prosthesis, mechanical, via minimally invasive 

thoracotomy (partial upper sternotomy, lateral 

thoracotomy) 

sAVR 

Switzerland CHOP 35F181 
Aortic valve replacement by decellularized allograft 

(homograft), via total sternotomy 
sAVR 

Switzerland CHOP 35F123 
Aortic valve replacement by xenograft (bioprosthesis), 

endovascular approach 
TAVI 

Switzerland CHOP 35F126 
Aortic valve replacement by xenograft (bioprosthesis), 

endovascular approach, transcaval approach 
TAVI 

Switzerland CHOP 35F124 
Aortic valve replacement by xenograft (bioprosthesis), 

transapical 
TAVI 

Switzerland CHOP 35F125 

Aortic valve replacement by xenograft (bioprosthesis), 

transapical, with use of a percutaneous apical access 

and closure system 

TAVI 



Switzerland CHOP 352210 
Minimally invasive implantation of an aortic valve, not 

specified 
TAVI 

Switzerland CHOP 352219 
Minimally invasive implantation of an aortic valve, 

other 
TAVI 

Switzerland CHOP 352213 
Minimally invasive implantation of an aortic valve, 

transaortic approach 
TAVI 

Switzerland CHOP 352211 
Minimally invasive implantation of an aortic valve, 

transapical 
TAVI 

Switzerland CHOP 352212 

Minimally invasive implantation of an aortic valve, 

transapical, with use of a percutaneous apical access 

and closure system 

TAVI 

Switzerland CHOP 359611 Aortic valve replacement, endovascular, transluminal TAVI 

Switzerland CHOP 35F133 
Xenograft aortic valve replacement, stentless, 

endovascular approach 
TAVI 

Switzerland CHOP 35F134 
Xenograft stentless transapical aortic valve 

replacement 
TAVI 

Switzerland CHOP 35F135 

Xenograft aortic valve replacement, stentless, 

transapical, using percutaneous apical access and 

closure system 

TAVI 

Switzerland CHOP 35F143 
Aortic valve replacement with self-expanding 

xenograft, sutureless, endovascular approach 
TAVI 

Switzerland CHOP 35F144 
Aortic valve replacement with self-expanding 

xenograft, sutureless, transapical 
TAVI 

Switzerland CHOP 35F145 

Aortic valve replacement by self-expanding xenograft, 

sutureless, transapical, using percutaneous apical 

access and closure system 

TAVI 

     Legend: sAVR, surgical aortic valve replacement; TAVI, transcatheter aortic valve implantation 

 













Summary 

Aortic stenosis (AS) is predicted to become more common as the population ages, which will 

increase the number of people who are diagnosed with AS in future. The goal of the present 

study titled "Patterns of Aortic Valve Replacement in Europe: Adoption by Age" was to 

carefully examine the temporal changes in the use of aortic valve replacement (AVR), including 

surgical AVR (sAVR) and transcatheter aortic valve implantation (TAVI), in a few selected 

European countries categorized by age. 

 

To gather data, we used 12 national statistical systems from throughout Europe covering the 

period between 2015 to 2020. We retrieved data on the number of surgeries conducted and 

determined specific codes for sAVR and TAVI procedures. The information included the gender 

and the age of the patients, which were divided into five-year intervals from 50 to 85 years. 

Besides, patients under 50 years and those aged 85 years and above were grouped together. 

 

According to our study, the rate of AVR procedures per million people (PPM) in various nations 

in 2020 was found to vary significantly. The rate in Germany was 508 PPM, whereas the rate 

in Poland was 174 PPM. The frequency of AVR PPM also rose with age and peaked in people 

between the ages of 80 and 84. An average yearly growth rate of 3.9% was seen between 2015 

and 2019 in the number of AVR procedures. In contrast to lower age groups, this increase was 

most noticeable among people 80 years and older. An increase from 30% in 2015 to 35% in 

2019 was seen in the percentage of AVR operations that were performed on older age groups. 

In summary, for patients 85 years and older, TAVI was the chosen course of treatment for 96% 

of men and 98% of women. Also, as age advances, TAVI procedures constitute a larger 

proportion of all AVR procedures. Therefore, our study findings highlight the value of 

considering age when identifying and treating people with aortic valve disease. 

 We appreciate you taking the time to read through our resubmission, and we look forward to 

your positive decision. We are pleased to submit an original article to contribute to the pages 

of the Cardiology journal. 

 


