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METHODS AND DATA: FURTHER DETAILS 

Below we describe additional technical details from the Methods section on 

the data, data pre-processing, record linkage, and statistical methods. 

Surgery 

Between 1999 and 2008, the Society for Cardiothoracic Surgery in Great 

Britain and Ireland (SCTS) reported a total of 52,463 AVR ± CABG procedures 

submitted to its national adult cardiac surgery database.1 The majority will have been 

performed with median sternotomy using standard techniques; however, more 

recently some will have been performed minimally invasive techniques (technique is 

not recorded in the national clinical registry).2 Since 2007, transcatheter aortic valve 

implantation (TAVI) has been used in patients deemed too high-risk for open 

surgery.3 When referring to AVR in this manuscript, we will explicitly mean surgical 

AVR. 

Record Linkage 

To facilitate long-term monitoring of patient and valve status, we performed 

multiple record linkages for each patient as follows. 

Life status. Using a dedicated unique patient identifier code in the NACSA 

registry, we link each patient in the study dataset to a national database of deaths 

recorded by the ONS, which records all deaths in England and Wales. Data on 

cause of death was unavailable for this study. An attempt to back-fill missing in-

hospital mortality data was made at the preprocessing stage by record linkage to the 

ONS registry. The final life status snapshot was collected on 30th July 2013. 

Surgical reoperation. All patients are at risk of requiring reoperation for a 

number of pathological reasons, including intrinsic valve failure. Each patient in 

England and Wales has a unique NHS number that is pseudonymised in the NACSA 

registry, and which is complete for >95% of records. For records with no NHS 

number, we substituted with a unique hospital-patient number. We exploited the fact 

that each patient in the study data was a first-time cardiac surgery patient; hence, 

any other records in the registry (cf. initial filtering step) for surgery on the aortic 

valve in a separate admission spell corresponds to a surgical re-intervention. The 
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time-to-reoperation and reason for aortic surgery was recorded. Surgical re-

intervention was tracked until 31st March 2013. 

TAVI. Patients with an aortic valve bioprosthesis who require subsequent 

valve replacement might be considered unfit for surgery and offered a ‘valve-in-

valve’ TAVI procedure. Prospectively collected data for all TAVI procedures 

performed in England and Wales between 1st January 2007 and 31st December 

2012 were extracted from the NICOR National TAVI registry (version 3.9) on 13th 

October 2013. All centers that perform TAVI procedures have submitted data to the 

UK TAVI registry and this has been validated by central coordination with the 

submitting units. A basic data cleaning script was used to preprocess the data before 

record linkage. Using the same patient identifier as for tracking surgical reoperation, 

each patient in the study dataset who featured in the TAVI dataset had the time-to-

TAVI recorded. 

Valve model data and data quality 

Prostheses are recorded in the NACSA registry in two separate free-text 

fields: valve name and valve model. There is widespread inconsistency on how each 

hospital enters this data. An updated suite of computer scripts were written to map 

each recorded free-text name and model to a homogenous list of known prosthetic 

valves. This list was developed from studying manufacturer catalogues and literature 

sources; directly contacting device companies; and using the Society of Thoracic 

Surgeons definitions file 

(http://www.sts.org/sites/default/files/documents/ValveDevices20140117.txt; 

accessed 13th March 2014). Some hospitals used an internal coding system, and 

these units were contacted directly by the NACSA project manager for the coding 

system. For each record, we recorded the valve manufacturer, model, series, and 

type (mechanical or biological, and xenograft type in the case of biological valves). 

Here, ‘series’ is defined as a group of valves from a single company considered 

similar or related (See Table S1 for groupings used). Not all valves could be 

classified at the model level; for example, “Edwards Lifesciences Perimount” could 

be one of a number of specific valves. In such a situation, we could still identify the 

valve manufacturer, series and (xenograft) type, which was sufficient for this study. 

Indicator variables for each variable recorded were also used to capture the number 



	

©	2016	American	Medical	Association.	All	rights	reserved.	

of times a match was identified, and was used as the primary metric for data quality 

filtering. 

In order to fulfill the study objectives, we needed to ensure records that were 

irrelevant or which featured gross inconsistencies were excluded. Therefore, we 

applied a second raft of exclusion criteria. We excluded records meeting the 

following conditions: 

1. Manufacturer unidentified or recorded data matches to >1 manufacturer. 

2. Series unidentified or recorded data matches to >1 valve series. 

3. Material unidentified or recorded data matches to >1 type. 

4. If the recorded data matches to >1 known model. 

5. Implant type identified as a homograft, autograft, ring, or valved conduit. 

6. Valves being used ‘off-label’. This includes using valves intended for the mitral 

position. We also include here root-valves (Edwards Lifesciences Prima Plus, 

Medtronic Freestyle, St. Jude Medical Toronto Root Valve, and Vascutek 

Root Elan) that might have been cut down by the surgeon. 

7. Valves not manufactured by one of the primary UK suppliers (or their 

subsidiary companies). Therefore, we only examine performance of valves 

manufactured (or previously manufactured) by Edwards Lifesciences, 

Medtronic, St Jude Medical, Sorin Group and Vascutek.1 Valves 

manufactured by Shelhigh, Xenomedica, Bioflow, Labcor, Cryolife, Bjork 

Shiley and On-X were excluded. 

8. Valve model corresponded to either the Edwards Lifesciences Intuity 8300A 

sutureless valve or the Sorin Allcarbon tilting disk valve. There was only a 

single Intuity 8300 valve implanted during the study period. The Allcarbon 

valves (n = 67) were reported as being implanted a few years after production 

																																																								
1	For the purposes of this study, Vascutek also includes valves 
manufactured/supplied by Koehler Medical and AorTech. This is owing to the change 
in ownership of certain valve models over the study period between these 
companies, which complicates attribution in the classification algorithm.	



	

©	2016	American	Medical	Association.	All	rights	reserved.	

stopped, with the data suggesting they these records may have been 

misclassified. 

Notes on classification 

Although a great effort was invested in the development of the matching 

algorithms, it is conceivable that some models have been misclassified beyond the 

inherent input errors present, as not all valve series are clearly delineated due to 

either historical device company purchases/mergers or naming conventions. As an 

example of the former case, consider Sulzer CarboMedics, which was a former 

device company (part of the Sulzer Medica company). They entered into a 

distribution agreement with (but were later acquired by) the company Mitroflow 

Enterprise Ltd., which produced the Mitroflow tissue valve. Both were later acquired 

by the Sorin Group. The term ‘Carbomedics’ now exclusively refers to a series of 

mechanical valves produced by the Sorin Group. Hence, care must be taken when 

classifying historical records recorded as either Carbomedics or Mitroflow. In the 

case of valves listed as ‘Vascutek’, the Elan and Aspire valves have been associated 

with different company names, including AorTech, Koehler Medical, and Vascutek. 

These valves have therefore been grouped together, as it simplified by the 

classification algorithm used. However, we note that the Ultracor mechanical valve 

was not transferred to Vascutek. The short-hand term ‘Vascutek’ below is therefore 

used to denote valves manufactured by either of the 3 companies AorTech, Koehler 

Medical, and Vascutek. An example of the latter case is the Carpentier-Edwards 

Perimount series and the Carpentier-Edwards Perimount Magna series, both of 

which are manufactured by Edwards Lifesciences. The similarity in the naming 

means that valves identified to the series level but not the model level might 

potentially be misclassified. 

It is conceivable that there was a lag between some units updating model 

names in their registry system and either new models coming on to the market, 

model renaming due to rebranding, or model numbers being updated due to iteration 

in the model generation. Nonetheless, as models were only analysed within series 

groups, we expect the results to be reasonably robust, as misclassification of models 

within a series should not affect the inferences. Despite enforcing data quality criteria 

on matches to valve manufacturer, model, series, and (xenograft) type, valves were 
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not excluded on the basis of invalid valve size or implantation dates outside of the 

market availability period. In the case of the latter, this information was unavailable to 

us at the time of analysis for most valves. Moreover, the shelf life of mechanical 

valves means we cannot be certain at what point implantations might cease with 

particular models. We also note that some hospitals that used custom dropdown 

menu systems might, for example, have delayed updating the available models 

periodically, forcing surgeons to select the nearest appropriate model. 

Study variables 

For each operation, data were extracted for administrative factors, patient 

characteristics, comorbidities, surgical team, intra-operative factors, and post-

operative outcomes. For this study we extracted data on patient age at time of 

operation (years); sex; body mass index (BMI; defined as weight [kg] / height2 [m2]); 

operative urgency; dyspnoea (New York Heart Association [NYHA] grade); history of 

neurological dysfunction; diabetes (diet or insulin controlled); history of hypertension; 

recent myocardial infarction (defined as within 90-days of surgery); serum creatinine 

>200 µmol/l; history of pulmonary disease; extracardiac arteriopathy; left ventricular 

ejection fraction (LVEF; classified as <30%, 30-50%, and >50%); critical 

preoperative state (defined as per the EuroSCORE group4); concomitant CABG; 

aortic valve haemodynamics (classified as stenosis, regurgitation or mixed lesions); 

native valve pathology (classified as degenerative disease, active infective 

endocarditis, previous endocarditis, rheumatic disease, congenital, functional 

regurgitation, annuloaortic ectasis, and ‘other pathology’); valve size (recorded in 

millimeters). For records with more than one pathology listed, a consultant 

cardiothoracic surgeon (J. Dunning) selected the most clinically informative choice 

using a rules-based approach. 

There were few missing clinical data (all >95% complete with the exception of 

dichotomous creatinine variable [5.6% missing], critical preoperative state [7.4% 

missing], haemodynamics [5.1% missing] and aortic valve pathology [10.1% 

missing]). Missing data were imputed as follows. Missing age and BMI were imputed 

by the sex-level median of non-missing values. Valve size was imputed by the valve 

model and gender-level median of non-missing values. All other categorical (and 
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binary) data were replaced by the mode (i.e. most frequent value) of the observed 

data. 

Administrative data were also extracted including: patient admission, 

procedure and discharge dates, index hospital, and responsible consultant cardiac 

surgeon. Procedure year of surgery was adjusted for in the model (coded as April 

1998 to March 1999 = 1, April 1999 to March 2000 = 2, …, April 2012 to March 2013 

= 15) For each record we also calculated the logistic EuroSCORE.4 Further details of 

variable definitions are available at 

http://www.ucl.ac.uk/nicor/audits/adultcardiac/datasets (accessed 4th February 

2015). 

Statistical analysis 

For all analyses, data on mechanical and biological valves were analyzed 

separately to avoid obvious confounding by indication. Valves were compared only 

at the series-level. Box-and-whisker plots and bar charts were used to contrast 

variables between valves. Line graphs were used to display temporal trends. 

The Kaplan-Meier estimator was used to construct survival curves for the 

time-to-event outcomes, and compared between valves using log-rank tests. There 

was no prima facie expectation of differences in baseline covariates between valves 

(within a valve type of biological or mechanical). Nonetheless, as this was an 

observational registry and thus patients were non-randomized, multivariable Cox 

proportional hazards (PH) regression models were used to adjust for potential 

differences. The Cox regression model assumes the hazard rate at time t for an 

individual i with covariate vector Xi to be exp	 , where h0(t) is an 

arbitrary baseline hazard rate and β is a parameter vector common to all patients.5 

All pre- and intra-operative variables were initially included in the multivariable Cox 

proportional hazards regression models. In all models, valve hemodynamics was 

dichotomized to regurgitation versus stenosis or mixed, and NYHA grades I and II 

were merged. BMI was included as a quadratic polynomial to capture the 

approximate U-shape association with outcome. The functional form for valve size 

was verified as being approximate linear in log relative hazard in each valve type 

group (biological and mechanical) by plotting estimates of the restricted cubic spline 

functions,6 adjusted for gender and BMI. The proportional hazards assumption was 
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assessed by the Grambsch and Therneau test.7 The impact of any violations were 

assessed by graphical inspection of scaled Schoenfeld residuals plotted against 

time. Additionally, the model was refitted with the baseline hazard function stratified 

on a subset of the identified violating covariates, and the valve series effects 

compared to the non-stratified model. In the case of a continuous variable being 

identified as violating the assumption, it was categorized based on quintiles and 

used as a stratification variable in the aforementioned sensitivity analysis. 

We extend the primary model to include adjustments for valve series. We 

could stratify the baseline hazard function; however, as stratum effects are modelled 

non-parametrically, there are no immediate tests of association between valve series 

and time-to-event. An alternative solution would have been to include fixed effects 

for valve series, using a single valve as the reference level for which all others are 

compared. The approach that we adopted was to include valve series-level effects 

as zero-mean normally distributed random effects in the model. If patient i is 

implanted with valve series j, then exp	 , where bj denotes the 

valve-series effect, with bj treated as independently normally distributed with mean 0 

and common variance . Such models are particularly useful for grouped data. We 

can rewrite the hazard as exp	 , where exp	 ) is known as 

the shared frailty for valve series j, and acts multiplicatively on the baseline hazard 

rate. The frailty terms have an intuitive interpretation, with 1 corresponding to 

increased hazard for valve j, and conversely 1 corresponding to decreased 

hazard. These models can be fitted by maximizing the penalized partial likelihood 

function.5 From the fitted model we can extract the coefficients (predictions) and 

corresponding variances of the log-frailty terms, which we use to construct 

approximate 95% prediction intervals for the frailties. Here, the term ‘prediction’ is 

used in the context of random effects [frailties] to distinguish them from the 

estimation of fixed effects parameters.8 Intervals that do not contain 1 might indicate 

valves that warrant closer inspection. In particular, valves where the lower prediction 

interval limit lies entirely above 1 would indicate a valve with a significantly large 

hazard rate for the adverse event. As the focus of this study was not the 

identification of prognostic factors, and in the interest of brevity, we limited reporting 

to the frailties. For comparison, unadjusted frailties are also reported. 
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All analyses and data cleaning were performed in R (Version 3.3.1; R 

Foundation for Statistical Computing, Vienna, Austria; http://www.R-project.org/). 

Exploratory data analysis was performed using the ggplot2 (version 2.1.0) package.9 

Time-to-event analyses were performed using the survival (version 2.39-4) and 

coxme (version 2.2-5) packages.5 Restricted cubic splines were calculated using the 

Hmisc package (version 3.17-4).6 

Sensitivity analyses 

To account for potential differences in perioperative mortality between valves, 

we repeated analyses without baselines covariate adjustment using a landmark of 

90-days (i.e. conditional on patients having not yet experienced an event 90-days 

after surgery and still remaining in the risk set). Deaths occurring after 90-days will 

mostly be unrelated to the actual surgery, although there will still be some non-

discharged patients due to major postoperative complications. A drawback of this 

approach is a reduction in power (through fewer events) and statistical efficiency 

(through smaller sample sizes). 

To account for intra-series development and other potential temporal 

confounding, we repeated the analysis for all procedures performed on or after 1st 

April 2008. Due to smaller number of mechanical valves implanted in recent years in 

combination with an expected fewer number of events (at a maximum follow-up time 

of only 5-years) we restricted this analysis to biological valves only. A drawback of 

this approach is that some valves will be excluded from the analysis, namely those 

withdrawn from the market pre-2008; reduced sample size; and less follow-up time. 

To assess whether partially classified models and models with small sample 

sizes affect the study results, a sensitivity analysis was performed whereby valves 

identified to the series level, but not model level, were excluded, and any model 

types with <100 valves were excluded. 
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ADDITIONAL RESULTS 

Study data 

A total of 105,239 records met the initial inclusion criteria, and formed the 

dataset used for tracking surgical re-interventions. Of these records, 79,345 

corresponded to an isolated AVR ± CABG with a biological or mechanical prosthesis. 

A total of 9520 records were excluded based on the initial exclusion criteria, leaving 

69,825 records. Multiple valve pathologies were recorded for 5133 patients (7.4%), 

and the most clinically relevant pathology was identified at this stage. After applying 

the second raft of exclusion criteria, a total of 54,866 records were left for analysis. 

The greatest loss of records was at steps 1 and 2 (8,499 and 3,828 records 

respectively), mostly attributable to missing data. The final dataset was comprised of 

43,782 biological valves and 11,084 mechanical valves (Figure 1). 

The Edwards Lifesciences Perimount series was observed to be the most 

implanted valve series based on volume until 2008, after which point the Edwards 

Lifesciences Perimount Magna series overtook it. The Sorin Carbomedics was the 

most frequently implanted mechanical valve series (Figure 3). 

Valve surveillance 

Kaplan-Meier curves for biological and mechanical valves for freedom from 

re-intervention or death are shown in Figures S9-S10. We note that the purpose of 

the plots is to emphasise the heterogeneity in survivorship distributions, rather than 

to demarcate survival curves for individual valves. The log-rank tests indicated 

significant differences for both valve types (biological and mechanical both P<0.001). 

To put the survival differences into a clinical context, the 10-year overall freedom 

from re-intervention or death rates for the Sorin Biological series and the Sorin 

Mitroflow series were 41.4% [95% CI: 37.6% to 45.6%] and 33.8% [95% CI: 31.3% 

to 36.5%] respectively, compared to the overall average of 47.2% [95% CI: 46.2% to 

48.1%] for all non-Sorin biological valves. Both of the aforementioned Sorin valve 

series have been used at numerous hospitals and by numerous consultant surgeons 

throughout the study period. 

Of 571 re-interventions in the biological valve group, 41 were valve-in-valve 

TAVI procedures and 530 were surgical reoperations. The reason for the valve-in-
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valve TAVI procedures is unknown but the most common reported reason for 

surgical reoperation was infection in 151 patients (28%), intrinsic valve failure in 122 

(23%), dehiscence in 57 (11%) and it was missing for 148 (28%) reoperations. Of the 

152 surgical reoperations in the mechanical valve group, 52 (34%) had missing 

reason for reoperation; 32 (21%) were for infection, 28 (18%) for dehiscence, and 9 

(6%) intrinsic valve failure. Other less incident reasons for surgical reoperation 

included haemolysis, embolism, thrombosis, other unlisted reasons, and 

combinations of all aforementioned aetiologies. We note that the reasons listed as 

‘other’ or missing can have free text recorded in a separate database field, which we 

did not analyze for this study. 

There was some evidence of violation of the proportional hazards assumption 

in the Cox regression models for some covariates, as inferred by the Grambsch-

Therneau test.7 The effect of non-proportionality was assessed and was found not to 

substantially alter inferences. Therefore, the primary models were fitted without 

covariate stratification. 

Sensitivity analyses 

Of the biological valves implanted on or after 1st April 2008, with a maximum 

follow-up of 5.3-years (median follow-up 2.3-years), none had a frailty where the 

lower 95% prediction interval limit was >1 following adjustment (Figure S11). The 

Sorin Mitroflow series (adjusted frailty 1.06, 95% PI: 0.97 to 1.16) was shrunk, 

although the unadjusted frailty remained as an outlier. The 95% PI for the Edward 

Lifesciences Perimount valve series remained below unity (frailty 0.92, 95% PI 0.86 

to 1.00). 

After excluding all patients who experienced an event on postoperative day 90 

or before, and also patients lost to follow-up within the first 90-days (leaving 

n=40,741 patients in the biological group, and n=10,626 in the mechanical valve 

group), re-running the analysis from a time origin of 90-days yielded broadly 

consistent inferences (Figure S12). This is consistent with results from a logistic 

mixed effects regression model (adjusted for logistic EuroSCORE by means of a 

logit transformation) for in-hospital mortality, which showed no significant systematic 

difference between the valves, with the exception of the Edwards Lifesciences 

Perimount Magna series conferring a marginally significant lower risk of in-hospital 
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mortality (random intercept -0.089 [95% PI: -0.177 to -0.001]; full results not shown 

here). Inferences also remained consistent after excluding valves not fully identified 

to the model level and models with fewer than 100 operations in the dataset. 
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Table S1. Frequency of implantations by valve model and series. 

BIOLOGICAL MECHANICAL 

EDWARDS LIFESCIENCES 

EDWARDS PERIMOUNT MAGNA SERIES 11,19
9

EDWARDS MECHANICAL SERIES 210 

PERIMOUNT MAGNA 3536 MIRA 113 

PERIMOUNT MAGNA WITH THERMAFIX 614 STARR EDWARDS 97 

PERIMOUNT MAGNA EASE WITH 
THERMAFIX 

5591   

UNIDENTIFIED SUB-MODEL 1458   

EDWARDS PERIMOUNT SERIES 11,77
0

  

PERIMOUNT 2700 32   

PERIMOUNT 2900 7900   

PERIMOUNT (RSR) 2800 1   

UNIDENTIFIED SUB-MODEL 3837   

EDWARDS PORCINE SERIES 1669   

AORTIC VALVE 962   

SUPRA-ANNULAR AORTIC VALVE 707   

MEDTRONIC 

MEDTRONIC ATS-3F SERIES 166 MEDTRONIC ADVANTAGE SERIES 47 

ATS 3F ENABLE 11 ADVANTAGE 47 

ATS 3F STENTLESS 76 MEDTRONIC ATS OPEN PIVOT SERIES 165
8 

UNIDENTIFIED SUB-MODEL 79 ATS OPEN PIVOT 939 

MEDTRONIC HANCOCK SERIES 2686 ATS OPEN PIVOT AP 110 

HANCOCK II 2686 ATS OPEN PIVOT AP360 40 

MEDTRONIC MOSAIC SERIES 3962 UNIDENTIFIED SUB-MODEL 569 

INTACT 112 MEDTRONIC HALL SERIES 295 

MOSAIC 3850 HALL 295 

ST JUDE MEDICAL 

SJM BIOCOR SERIES 112 SJM MASTERS SERIES 111
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BIOCOR 112 MASTERS SERIES STANDARD CUFF AJ-501 378 

SJM EPIC SERIES 4543 MASTERS SERIES EXPANDED CUFF AECJ-502 2 

EPIC SUPRA 2000 MASTERS SERIES PTFE CUFF ATJ-503 247 

EPIC 2543 MASTERS HP MECHANICAL VALVE WITH EXPANDED CUFF AEHPJ-505 16 

SJM TORONTO SERIES 130 MASTERS SERIES HP STANDARD CUFF AHPJ-505 428 

TORONTO STENTLESS 130 MASTERS SERIES MECHANICAL HEART VALVE WITH SILZONE COATING 
AS-601 

2 

SJM TRIFECTA SERIES 1151 MASTERS SERIES WITH SILZONE COATING AHPS-605 17 

TRIFECTA 1151 UNIDENTIFIED SUB-MODEL 24 

 SJM REGENT SERIES 110
7 

 REGENT VALVE AGN-751 295 

 REGENT VALVE FLEX CUFF AGFN-756 619 

 REGENT VALVE AGFN-758 18 

 UNIDENTIFIED SUB-MODEL 175 

 SJM STANDARD MECHANICAL SERIES 360 

 MECHANICAL HEART VALVE A-101 23 

 MECHANICAL HEART VALVE AT-103 325 

 MECHANICAL HEART VALVE HP SERIES AHP-105 12 

SORIN GROUP 

SORIN BIOLOGICAL SERIES 1210 SORIN BICARBON SERIES 239
4 

FREEDOM SOLO 159 BICARBON OVERLINE 89 

PERICARBON FREEDOM 282 BICARBON SLIMLINE 514 

SOPRANO [ARMONIA] 470 BICARBON STANDARD 87 

PERICARBON / PERICARBON MORE 290 BICARBON FITLINE 105
5 

UNIDENTIFIED SUB-MODEL 9 UNIDENTIFIED SUB-MODEL 649 

SORIN MITROFLOW SERIES 3860 SORIN CARBOMEDICS SERIES 382
6 

MITROFLOW PERICARDIAL (12A) 550 CARBOMEDICS REDUCED SERIES 475 

MITROFLOW PERICARDIAL (LXA) 1344 CARBOMEDICS STANDARD AORTIC VALVE 409 
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MITROFLOW PERICARDIAL (DLA) 182 CARBOMEDICS TOP HAT 963 

UNIDENTIFIED SUB-MODEL 1784 UNIDENTIFIED SUB-MODEL 197
9 

SORIN SUTURELESS SERIES 11   

PERCEVAL S 11   

VASCUTEK* 

VASCUTEK ASPIRE SERIES 1147 VASCUTEK ULTRACOR SERIES 73 

ASPIRE 1147 ULTRACOR 73 

VASCUTEK ELAN SERIES 166   

ELAN 166   

* NB: for the purposes of this study, Vascutek series also includes Koehler Medical and AorTech valves.
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Figure S1. Box-and-whisker plots of logistic EuroSCORE stratified by valve series. In the interests of visual clarity, outliers have been removed. 

 

NB: for the purposes of this study, Vascutek series also includes Koehler Medical and AorTech valves.  
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Figure S2. Distribution of patient gender stratified by valve series. 

 

NB: for the purposes of this study, Vascutek series also includes Koehler Medical and AorTech valves.  
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Figure S3. Distribution of native valve pathology stratified by valve series. 

 

NB: for the purposes of this study, Vascutek series also includes Koehler Medical and AorTech valves.  
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Figure S4. Distribution of preoperative left ventricular ejection fraction (LVEF) stratified by valve series. 

 

NB: for the purposes of this study, Vascutek series also includes Koehler Medical and AorTech valves.  
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Figure S5. Distribution of concomitant CABG surgery stratified by valve series. 

 

NB: for the purposes of this study, Vascutek series also includes Koehler Medical and AorTech valves.  
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Figure S6. Distribution of preoperative body mass index (BMI) stratified by valve series. 

 

NB: for the purposes of this study, Vascutek series also includes Koehler Medical and AorTech valves.  
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Figure S7. Distribution of dyspnoea (New York Heart Association [NYHA] grade) stratified by valve series. 

 

NB: for the purposes of this study, Vascutek series also includes Koehler Medical and AorTech valves.  
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Figure S8. Mean (±1 standard deviation) implanted prosthetic valve size stratified by valve series. 

 

 

NB: for the purposes of this study, Vascutek series also includes Koehler Medical and AorTech valves. 
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Figure S9. Kaplan-Meier plots of freedom from re-intervention or death by valve series for 

biological valves. 

 

NB: for the purposes of this study, Vascutek series also includes Koehler Medical and AorTech 

valves. 
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Figure S10. Kaplan-Meier plots of freedom from re-intervention or death by valve series for 

mechanical valves.		

 

NB: for the purposes of this study, Vascutek series also includes Koehler Medical and AorTech 

valves. 
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Figure S11. Frailties (black filled circles) and 95% prediction intervals (black lines) by valve series 

for time-to-death or re-intervention as calculated for Cox random effects models (with [right panel] 

and without [left panel] adjustment for other patient and operative risk factors). Red dashed line 

denotes ‘no effect’. Only biological valves implanted after 1st April 2008 were included in the 

sensitivity analysis. 
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Figure S12. Frailties (black filled circles) and 95% prediction intervals (black lines) by valve series 

for time-to-death or re-intervention as calculated for Cox random effects models (without 

adjustment for baseline covariates) with a time origin of 90-days. Patients who died or had a re-

intervention on postoperative day 90 or before were excluded, as were patients with <90-days 

follow-up time. Red dashed line denotes ‘no effect’. 

 

NB: for the purposes of this study, Vascutek series also includes Koehler Medical and AorTech 

valves. In particular, note that to the best of our knowledge, the Ultracor mechanical valve did not 

transfer to Vascutek. 

 

 


