Supplementary material

The inclusion and exclusion criteria that were applied are provided in Table 1.
Table S1: Inclusion and exclusion criteria.
	 
	Inclusion criteria
	Exclusion criteria

	Population
	Patients with symptomatic severe aortic stenosis who are:
· Inoperable
· High surgical risk
· Intermediate surgical risk
· Low surgical risk
	· Paediatric and adolescent patients.
· Special patient groups (such as those with preoperative mitral regurgitation)

	Intervention
	TAVI (any access route or device type)
	N/A

	Comparators
	· Medical management (inoperable patients)
· Surgical aortic valve replacement (high, intermediate, and low risk)
· TAVI
	N/A

	Outcomes
	· Average cost per patient, and
· At least one effectiveness outcome to be included
	· Studies with no cost outcomes

	Study design
	Cost-utility studies
	· Cost of illness studies



Systematic literature review: development of search terms
A combination of subject headings (where available) and free-text search terms was used.  Search terms relating to TAVI (and synonyms) were combined with a pragmatic cost-effectiveness search filter (developed in-house). Using MEDLINE, this was compared with a published sensitive search filter, CADTH’s Economic Evaluations/Costs/Economic Models (Strings attached: CADTH database search filters [Internet]. Ottawa: CADTH; 2021. [cited 2021 September 23]. Available from: https://www.cadth.ca/strings-attached-cadths-database-search-filters) and the 341 additional studies retrieved by this filter were checked by the project lead (BK) and 10 studies were selected as relevant to the research question.  An additional line was then added to the pragmatic search filter to ensure these 10 studies were retrieved.

The following databases were searched on 21 September 2021:
· Ovid MEDLINE(R) and Epub Ahead of Print, In-Process, In-Data-Review & Other Non-Indexed Citations and Daily 1946 to September 20, 2021
· Embase 1974 to 2021 September 20
· Econlit 1886 to September 16, 2021
· NHS EED via the CRD website (https://www.crd.york.ac.uk/CRDWeb/) Archive up to 31 March 2015
· The Tufts CEA Registry (https://cevr.tuftsmedicalcenter.org/databases/cea-registry) was also searched on 23 September 2021. Due to the limited search functionality available, 5 individual searches were conducted using free text terms only.

The pragmatic search filter was used for MEDLINE and Embase only, Econlit and NHS EED were searched using the TAVI terms only.  No search limits were applied in any of the databases. For the search results found in each database/registry, see Table 2. All search results were imported into Endnote reference management software and deduplication was conducted using the Bramer et al method.(1)

Table S2: Search results
	Database
	Date Searched
	Number of results retrieved

	Ovid MEDLINE(R) and Epub Ahead of Print, In-Process, In-Data-Review & Other Non-Indexed Citations and Daily 1946 to September 20, 2021
	21/09/21
	351

	Embase 1974 to 2021 September 20
	21/09/21
	509

	Econlit 1886 to September 16, 202
	21/09/21
	11

	NHS EED via CRD
	21/09/21
	33

	Tufts CEA Registry
	23/09/21
	55

	Total number of references retrieved
	
	959

	Total number of unique references (after duplicates removed)
	
	646




Systematic literature review: Search Strategies

MEDLINE
Database: Ovid MEDLINE(R) and Epub Ahead of Print, In-Process, In-Data-Review & Other Non-Indexed Citations and Daily <1946 to September 20, 2021>
Search Strategy:
--------------------------------------------------------------------------------
1     exp Transcatheter Aortic Valve Replacement/ (7740)
2     ((transcatheter or surg*) adj1 aortic valve adj (implantation* or replacement* or implementation*)).tw. (11664)
3     (TAVI or TAVR or SAVR).tw. (8871)
4     SAPIEN.tw. (1702)
5     exp Aortic Valve Stenosis/ (45677)
6     (aortic stenos* or aortic valve stenos*).tw. (20604)
7     or/1-6 (56072)
8     Cost-benefit analysis/ (86332)
9     Economic value of life/ (5760)
10     Quality-adjusted life years/ (13760)
11     exp models, economic/ (15797)
12     cost utilit$.tw. (5166)
13     cost benefit$.tw. (11672)
14     cost minim$.tw. (1624)
15     cost effect$.tw. (149575)
16     economic evaluation$.tw. (12986)
17     ((economic* or cost*) adj2 outcome*).ti,ab. (14261)
18     or/8-17 (228175)
19     7 and 18 (351)
 
EMBASE
Database: Embase <1974 to 2021 September 20>
Search Strategy:
--------------------------------------------------------------------------------
1     exp transcatheter aortic valve implantation/ (25414)
2     ((transcatheter or surg*) adj1 aortic valve adj (implantation* or replacement* or implementation*)).tw. (20869)
3     (TAVI or TAVR or SAVR).tw. (19278)
4     SAPIEN.tw. (4086)
5     exp aortic valve stenosis/ (4427)
6     (aortic stenos* or aortic valve stenos*).tw. (33223)
7     or/1-6 (52180)
8     "cost benefit analysis"/ (88115)
9     quality adjusted life year/ (29830)
10     economic model/ (2537)
11     cost utilit$.tw. (8147)
12     cost benefit$.tw. (16062)
13     cost minim$.tw. (2740)
14     cost effect$.tw. (205152)
15     economic evaluation$.tw. (18325)
16     ((economic* or cost*) adj2 outcome*).ti,ab. (22094)
17     or/8-16 (309437)
18     7 and 17 (509)
 
ECONLIT
Database: Econlit <1886 to September 16, 2021>
Search Strategy:
--------------------------------------------------------------------------------
1     ((transcatheter or surg*) adj1 aortic valve adj (implantation* or replacement* or implementation*)).tw. (8)
2     (TAVI or TAVR or SAVR).tw. (10)
3     SAPIEN.tw. (0)
4     (aortic stenos* or aortic valve stenos*).tw. (3)
5     or/1-4 (11)

NHS EED
	1
	MeSH DESCRIPTOR Transcatheter Aortic Valve Replacement EXPLODE ALL TREES
	10

	2
	(((transcatheter or surg*) adj1 aortic valve adj (implantation* or replacement* or implementation*))) IN NHSEED
	14

	3
	((TAVI or TAVR or SAVR)) IN NHSEED
	5

	4
	(SAPIEN) IN NHSEED
	1

	5
	MeSH DESCRIPTOR Aortic Valve Stenosis EXPLODE ALL TREES
	103

	6
	((aortic stenos* or aortic valve stenos*)) IN NHSEED
	28

	7
	#1 OR #2 OR #3 OR #4 OR #5 OR #6
	112

	
	Manually checked search results for NHS EED records only as not possible to limit MeSH searches to single databases
	33



TUFTS CEA REGISTRY
	Search 1
	Basic Search Transcatheter Aortic Valve Replacement in Methods
	11

	Search 2
	Basic Search Transcatheter Aortic Valve Implantation in Methods
	19

	Search 3
	Basic Search Transcatheter Aortic Valve Implementation in Methods
	0

	Search 4
	Basic Search Aortic Valve Stenosis in Methods
	1

	Search 5
	Basic Search Aortic Stenosis in Methods
	24




Systematic literature review: Identification of health technology assessment reports with economic evaluations
We sought to identify reports published by any of the following health technology assessment agencies:
· National Institute for Health and Care Excellence (NICE)
· Healthcare Improvement Scotland (HIS)
· Ireland’s Health Information and Quality Authority (HIQA)
· Canadian Agency for Drugs and Technology in Health (CADTH)
· Health Quality Ontario (HQO)
· Australia’s Medical Services Advisory Committee (MSAC)
· Haute Autorité de Santé (HAS)
· Norwegian Institute of Public Health (NIPH)
· Basque Office for Health Technology Assessment (OSTEBA)
· Zorginstituut (ZIT)
· The European Network for Health Technology Assessment (EUnetHTA)

Identification of reports with economic evaluations was a mixture of using known reports and searching agency-specific websites with basic keywords (aortic stenosis, TAVI, TAVR).

Systematic literature review: identified studies
In total, 42 studies were identified. This included 30 studies from the 646 unique results identified through database searching.(2-31) A further 11 HTA agencies reports were identified from the grey literature,(32-42) and one extra study was identified via hand-searching of key journals.(43)
Amongst the studies excluded at the full text stage, a Belgian study provided the results of cost-effectiveness analyses but was excluded as it was not possible to infer if these represented cost-effective results or not.(44) Another study was excluded because it was not possible to categorise the risk group of the patients.(45) 

Variables for analysis: additional information
Device type
We extracted data on device manufacturer (Medtronic or Edwards), device model (e.g. SAPIEN 3, Evolut R, etc) and device type (balloon-expandable or self-expandable). Due to small numbers of studies using certain devices (particularly Medtronic devices, which are self-expandable), we grouped all self-expandable devices together. Due to advances in the design of balloon-expandable (Edwards) devices over successive generations, there is emerging evidence that the latest generation of devices (SAPIEN 3) have more favourable outcomes than previous generations (SAPIEN, SAPIEN XT). Therefore, we categorised balloon-expandable devices as SAPIEN 3 vs older SAPIEN devices.

Access route
For descriptive statistics this was grouped into four categories: 0% transfemoral, 70-85% transfemoral, 85-99% transfemoral and 100% transfemoral. These category definitions were used to provide approximately equal numbers in each category. For quantitative analyses, access route was used as a continuous variable, to avoid a loss of power(46).
 
Discount rate
We extracted data on both cost and benefit discount rates, which were found to be highly correlated. We categorised the data into two levels: <3 and >= 3%, representing low and high levels of discounting. Our univariate analyses showed that neither discount rate was associated with cost-effectiveness (with the exception of the ‘not reported’ category, which was associated with a lower probability of cost-effectiveness for both discount rates). We retained the benefit discount rate for further exploration. This is because SAVR and TAVI both have high upfront costs relative to low ongoing costs of care, hence the magnitude of the discounting of costs in the future is unlikely to be important. Conversely, as TAVI benefits occur in the long-term, the benefit discount rate may be more important. 

Time horizon, model type, and deterministic/PSA
We categorised data on time horizon into three levels: <2 years, 2-10 years and 10+ years. Based on examination of the data, it was reasoned that 10+ years is likely to constitute a lifetime horizon in this population (e.g. for the low risk group the shortest ‘lifetime’ was 15 years), whilst <2 years is a short time horizon and 2-10 years intermediate. 
Time horizon, model type, both discount rates, and if cost-effectiveness results were based on a deterministic analysis or the mean of probabilistic sensitivity analyses (PSAs) were found to be highly correlated, representing methodological clusters relating to the practices of particular research groups or decision agencies. Because of these strong correlations, we combined these variables into a single variable which captured the different methodological approaches to estimating cost-effectiveness. However, this gave a large number of categories with small numbers in each category, which was impractical for statistical estimates. As deterministic/PSA was not found to be significantly associated with cost-effectiveness (in univariable or multivariable analyses), we removed this variable from our analysis. As only two studies used a model and had a <2 year time horizon, we chose not to further differentiate these two studies by discount rate (actual discount rates used were 1.5% and 4% but are unlikely to impact on results due to the short time horizon).  The resulting methodological variable had seven levels (as shown in Tables S5 and S6).

The p-values for chi-squared tests for the combinations of variables are shown in Table 3 for the original individual variables, and with the grouped methodological variables in Table 4.

Table S3: Chi-squared statistics between predictors and the probability of being cost-effective (original methodological variables). 
	
	Risk group
	Device type
	Access route
	Discount rate
	Model used
	Time horizon
	PSA

	
	
	
	
	Costs
	Benefits
	
	
	

	Cost-effective
	16.18
(0.095)
	10.39
(0.034)
	15.37
(0.052)
	6.45
(0.168)
	7.79
(0.100)
	2.36
(0.308)
	8.82
(0.066)
	11.17
(0.083)

	Risk group
	
	21.12
(0.020)
	48.08
(<0.01)
	14.42
(0.155)
	13.70
(0.187)
	5.81
(0.325)
	28.63
(<0.01)
	15.66
(0.405)

	Device type
	
	
	27.13
(0.298)
	16.73
(0.16)
	22.65
(0.031)
	2.91
(0.82)
	23.09
(0.027)
	10.09
(0.929)

	Access route
	
	
	
	5.77
(0.673)
	8.12
(0.422)
	3.74
(0.442)
	7.40
(0.494)
	9.14
(0.690)

	DR: Costs
	
	
	
	
	77.65
(<0.01)
	4.02
(0.134)
	13.67
(<0.01)
	55.34
(<0.01)

	DR: Benefits
	
	
	
	
	
	5.30
(0.071)
	6.76
(0.149)
	33.76
(<0.01)

	Model used
	
	
	
	
	
	
	10.42
(<0.01)
	68.00
(<0.01)

	Time horizon
	
	
	
	
	
	
	
	25.17
(<0.01)


P-values are given in parentheses. Bold text indicates significance at p < 0.05. PSA: If results are based on a probabilistic analysis. DR: Discount rate

Table S4: Chi-squared statistics between predictors and the probability of being cost-effective (grouped methodological variables). 
	
	Risk group
	Device type
	Access route
	Methodological approach

	Cost-effective
	16.18
(0.095)
	10.39
(0.034)
	15.37
(0.052)
	26.53
(<0.01)

	Risk group
	
	21.12
(0.020)
	48.08
(<0.01)
	43.45
(0.053)

	Device type
	
	
	14.46
(0.070)
	19.97
(0.068)

	Access route
	
	
	
	19.44
(0.728)


P-values are given in parentheses. Bold text indicates significance at p < 0.05.
Statistical modelling
Models were fit using penalised logistic regression (using the ‘glmnet’ model engine in the R package ‘parsnip’). This model requires estimates for both the penalisation (regularisation) parameter and the ‘mixture’ parameter. This latter parameter takes a value between 0 and 1 and may be interpreted as the proportion of lasso regression that is used (values of 0 and 1 provide ridge regression and lasso regression respectively. Values in between provide elastic net models). Both parameters were identified via a two-dimensional grid search using 10 values per parameter (100 values in total), with models fit to a random sample of 75% of the data and assessed on the remaining 25%. This allowed for an ‘external’ assessment of the values to use. To avoid results being driven by any quirks of the random 75%, the process was repeated (bootstrapped) 100 times and the average results used. The parameters providing the best estimates (based on the area under the receiver operating characteristic curve) were used to generate the final model estimates.
Linear regression analyses used the ‘glm’ function in R. For all analyses a p-value less than 0.05 was used to signify statistical significance.




Table S5: Results of the penalised logistic regression model
	Variable
	Count
	Odds ratio

	Risk level
	
	

	Inoperable
	16
	Reference

	High
	17
	0.25

	High or inoperable
	3
	1.25

	Intermediate
	16
	0.29

	Intermediate or low
	2
	N/S

	Low
	10
	1.33

	Access route*:
20% increase in transfemoral
	
	N/S

	Device category
	
	

	Medtronic valves
	12
	Reference

	Older generation SAPIEN
	34
	N/S

	SAPIEN 3
	18
	3.88

	Modelling methods
	
	

	Did not use a model
	9
	Reference

	Model used, time horizon < 2 years
	1
	0.29

	Model used, time horizon 2-10 years, discount rate >= 3%
	11
	N/S

	Model used, time horizon 2-10 years, discount rate not reported
	2
	2.02

	Model used, lifetime horizon, discount rate < 3%
	13
	N/S

	Model used, lifetime horizon, discount rate >= 3%
	23
	N/S

	Model used, lifetime horizon, discount rate not reported
	5
	N/S


N/S: Not significantly different to one (no effect)
*Included as a continuous variable


Table S6: Impact of study characteristics on the incremental QALYs with TAVI
	Variable
	Incremental QALY gains (standard error)

	
	Univariate
	Multivariate

	Risk level (comparator)
	
	

	Inoperable (reference)
	1.01 (0.10)
	Reference

	High
	0.25 (0.14)
	0.19 (0.13)

	High or inoperable
	0.92 (0.25)
	1.13 (0.23)

	Intermediate
	0.22 (0.15)
	-0.09 (0.15)

	Intermediate or low
	0.21 (0.42)
	0.43 (0.37)

	Low
	0.25 (0.17)
	-0.36 (0.18)

	Access route:
20% increase in transfemoral
	0.09 (0.05)
	1.03 (0.04)

	Transapical
	0.09
	Included as a continuous variable

	Mixed (70 % - 85% transfemoral)
	0.31
	

	Mixed (85 % - 99% transfemoral)
	0.54
	

	Transfemoral
	0.64
	

	Not reported
	0.06
	

	Device category
	
	

	Medtronic valves (reference)
	0.45 (0.15)
	Reference

	Older generation SAPIEN
	0.47 (0.18)
	0.72 (0.15)

	SAPIEN 3
	0.49 (0.2)
	0.94 (0.15)

	Modelling methods
	
	

	Did not use a model (reference)
	0.26 (0.18)
	Reference

	Model used, time horizon < 2 years
	0.07 (0.56)
	1.02 (0.36)

	Model used, time horizon 2-10 years, discount rate >= 3%
	0.61 (0.24)
	0.54 (0.20)

	Model used, time horizon 2-10 years, discount rate not reported
	0.51 (0.41)
	0.7 (0.27)

	Model used, lifetime horizon, discount rate < 3%
	0.63 (0.23)
	1.28 (0.16)

	Model used, lifetime horizon, discount rate >= 3%
	0.45 (0.21)
	0.99 (0.14)

	Model used, lifetime horizon, discount rate not reported
	0.29 (0.30)
	0.46 (0.20)


For the multivariable model, there is a single reference category which is inoperable risk, self-expandable device, 0% transfemoral access and no model used (incremental QALYs 0.95). Bold text indicates statistical significance at p < 0.05.
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