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ABSTRACT

Objectives - To date the reported outcomes of aortic valve replacement (AVR) are
mainly in the settings of trials comparing it with evolving transcatheter aortic valve
implantation (TAVI). We set out to examine characteristics and outcomes in people who

underwent AVR reflecting a national cohort and therefore ‘real world’ practice.

Design - Retrospective analysis of prospectively collected data of consecutive people
who underwent AVR with or without coronary artery bypass graft (CABG) surgery
between April 2013 and March 2018 in the UK. This included elective, urgent and
emergency operations. Participants’ demographics, pre-operative risk factors, operative
data, in-hospital mortality, post-operative complications and effect of the addition of
CABG to AVR were analysed.

Setting - 27 (90%) tertiary cardiac surgical centres in the UK submitted their data for
analysis.

Participants - 31,277 people with AVR were identified. 19,670 (62.9%) had only AVR
and 11,607 (37.1%) had AVR+CABG.

Results - Mortality for isolated AVR was 1.9% (95% CI: 1.6-2.1%) and was 2.4% for
AVR+CABG. Mortality by age category for AVR only were: <60 years=2.0%, 60-75
years=1.5%, >75 years=2.2%. For AVR+CABG these were; 2.2%, 1.8% and 3.1%. For
different categories of EuroSCORE, mortality for AVR in low risk people was 1.3%, in
intermediate risk 1% and for high risk 3.9%. 74.3% of the operations were elective, 24%
urgent and 1.7% emergency/salvage. The incidences of re-sternotomy for bleeding and
stroke were 3.9% and 1.1% respectively. Multivariable analyses provided no evidence
that concomitant CABG influenced outcome. However, urgency of the operation, poor
ventricular function, higher EuroSCORE and longer cross clamp and cardiopulmonary

bypass times adversely affected outcomes.
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BACKGROUND

Aortic valve disease, especially aortic stenosis affects 5% of the population and 3.9% of
those between the ages of 70 and 79 and nearly 10% of those above the age of 80."
Severe aortic stenosis when untreated has a risk of death of 50% at 2 years.?
Conventionally the gold standard of treatment has been surgical aortic valve replacement
(AVR). However, the role of transcatheter aortic valve implantation (TAVI) has evolved in
recent years. TAVI was first introduced in 2002, initially being performed in high risk
inoperable patients.? The original Placement of Aortic Transcatheter Valves (PARTNER)
trial demonstrated a significant reduction in mortality, repeat hospitalisation and cardiac
symptoms compared to inoperable patients who had only medical therapy.* The original
PIVOTAL study also demonstrated significantly higher survival at one year in high risk
patients who underwent AVR.5

The role of TAVI is being extended to lower risk and younger patients based on
recent trials comparing AVR with TAVI.87 Several studies suggest there has been a
change in demographics and types of surgical valves used since the advent of TAV|.8-10
There has been a trend of increased use of tissue valves and a decrease in the use of
mechanical valves in recent years.' This may be due to the evolution of TAVI practice
whereby younger patients can have a TAVI valve with the view that they have another
TAVI valve in the future when the tissue valve or TAVI has deteriorated, so called valve-
in-valve TAV|.12.13

The series in the literature reporting outcomes of AVR are unit based and with
small cohorts.®'* Also, people with aortic valve disease are given information about the
outcomes of AVR which may be out of date and incorrectly extrapolated from smaller
studies. There is a lack of contemporary national data to assess the outcomes of AVR
(mortality and complications), and to demonstrate the trend in use of prosthetic valves
which would inform people with aortic valve disease better. There are some perceived
complications of surgery that may be understood by referring general practitioners and
cardiologists to be prohibitive risks for surgery.

In order to inform practitioners, people with aortic valve disease and the cardiac

surgical community, we set out to examine the results of contemporaneous AVR in a

4
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37 = 3
38 regurgitation or mixed valve disease) and preoperative left ventricular ejection fraction S )
o (LVEF) were collected. Logistic EuroSCORE was collected as well as EuroSCORE || 53
» 3
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44 5 3>
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j? and poor (EF<30%). Operative data including operative urgency: elective, urgent and g %
o
jg emergency/salvage were recorded. Elective was defined as when the person was <. §
n (6]
50 admitted from home, urgent meaning that the person was admitted with an urgent ' i
1
gz condition and required surgery during the same hospital admission, emergency and E
gi salvage meaning that surgery was required within 24 hours of admission and/or the ;
=2
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cross clamp (CCT) time, type of valve implanted as well as concomitant CABG surgery

performed were also collected.

Postoperative outcomes
Postoperative complication data were collected with the main focus being in-hospital
mortality, new stroke, return to theatre for bleeding, deep sternal wound infection and

duration of postoperative hospital stay.

Statistical analysis

Once the records for all participants were collated and the data cleaned, each factor was
summarised using descriptive methods. Categorical variables are presented as N (%)
and continuous variables are presented as median (IQR). New strokes were recoded to
be either no stroke or any cerebrovascular accident (transient or permanent). The natural
log of post-operative length of stay (days) was used due to positive skewed distribution
of this variable. Univariate models were used, logistic regression for binary outcomes and
linear regression for continuous outcomes, to assess the impact of the key explanatory
variables. In these models, a two-tailed p-value of <0.05 was considered significant. The
population analysed included all the participants with data collected, with results checked
in the subset who had AVR only (without CABG). Building on this, a multivariable model
with all key variables in the model to assess which had the most impact on each of the
outcomes was created. Stata/MP 15.1 (StataCorp LLC, Texas, USA) was used for all

analyses.

Patient and public involvement

Patients and public were involved in the original design of the database.

Ethics
This data is ordinarily submitted to National Institute of Cardiovascular Outcome
Research (NICOR) for which local and national Caldicott guardian approvals have been

obtained. @ The data are validated by the surgical teams and their database
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2 @
z managers/audit officers. For the current study a further approval from the Caldicott %
5 Guardian was obtained. =
: RESULTS .
10 T o
11 S kB
12 Descriptive analysis % g
I In total 31,277 patients were included. Of these, 19,670 (62.9%) had only AVR and 11,607 =3
12 (37.1%) had AVR+CABG. There were 14.4% below the age of 60, 46.9% between 60 to é ‘i
17 75 and 36.7% older than 75 years with 7.9% missing age data. There were 1.9 times e 3
13 more males than females (10.3% missing). é §
;? Regarding pre-operative risk factors, 75.2% had good LVEF, 17.3% had moderate % §
;g and 4.3% had poor LVEF. 74.3% of the operations were elective, 24% were urgent and ? g
24 1.7% were emergency or salvage operations. ‘é é”g
;Z Logistic EuroSCORE had a median of 1.83 with an IQR of 0.06-6.0. The median g%;
i EuroSCORE Il was 1.95 (IQR 0.67-4.8) albeit with 56.5% with missing data, as this was g% ;
;g introduced into the database in 2017. The median CPB time was 104 minutes (IQR 82- ggé
31 135) and CCT was 79 minutes (IQR 61-101). %%%
gg For valve implant replacement type, 70% had a tissue valve, 12.2% a mechanical %é%
2‘5‘ valve and 0.2% had homograft or autograft valves. For 17.3% the entry for valve type was g@g
36 unclear. The ratio of mechanical implant to bioprosthetic implant use has remained stable i' ;
;7; over time. 5:, é
ig Overall mortality was 2.4% (95% CI: 2.2-2.6%) and mortality for isolated AVR for § %
j; all participants was 1.9% (1.6-2.1%). The mortality figures analysed for different age gé Tz
43 ranges and for categories of EuroSCORE are shown in Table 1. é g
2‘5‘ Overall, 3.9% (3.6% in AVR only) of participants had re-sternotomy for post- f{i g
j? operative bleeding or tamponade, 0.04% (0.06% in AVR only) had re-operation for g %
jg valvular problems (significant paravalvular leak and early endocarditis), 0.7% (0.6% AVR ‘r'; §
50 only) had re-operation for other cardiac problems, 0.2% (0.15% for AVR only) had ' i
g; rewiring of sternum for sterile wounds and 0.14% (0.06% for AVR only) had re-wiring of E
gi sternum for infection. Transient ischaemic attack occurred in only 0.6% and 1.1% had a %
55 stroke (no missing data). S
56 £
57 .
58 =
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Median post-operative length of stay was 7 days (IQR: 6-11) in those with AVR
only and 8 days (IQR: 6-12) in all patients.

The number of bypass grafts was not analysed due to concerns about inconsistent
reporting of data describing the number of grafts.

When comparing the two subsets of patients, the characteristics of those with AVR
alone were broadly similar to those with AVR+CABG. In AVR alone there were more
people aged <60 years (19.3% vs 6.2%), but less people were older than 75 (30.1% vs
43%). A higher proportion of those with AVR+CABG were male (68% vs. 54%). Bypass
time was an average of 37 minutes shorter and CCT 27 minutes in the AVR alone group.

Amongst those with only AVR the mechanical valve usage was greater, at 16% vs 7%.

Regression analysis

Univariate

Taken in isolation, all pre-operative risk factors were associated with an increased odds
of death, as was addition of CABG. The same pattern was observed when analysing the
need for re-operation or surgery, with all explanatory variables indicative of a worse
outcome without taking into account any others. For new stroke only age, EuroSCORE,
operative urgency, ejection fraction, and cumulative bypass and cross clamp times
affected a negative outcome (but not gender), as did CABG. All factors predicted a longer
postoperative length of stay, including CABG.

As a sensitivity analysis, age categories were also assessed. When included as a
continuous variable, age was significant both on its own and in all the multivariable
models. All participants were categorised into <60, 60-75 and >75 years of age. Those
60-75 were at a lower odds of death in comparison to those <60 (OR 0.71, 95% CI 0.53-
0.95, P=0.021) with no difference in those >75 (OR 1.09, 95% CI 0.82-1.45) in the AVR
alone group. These findings were different in the AVR+CABG group, with no significant
difference in those 60-75 (OR 0.81, 95% CI 0.64-1.03) but an increased risk in those >75
(OR 1.09, 95% CI 1.12-1.76, P=0.004).
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=
2 g
z Multivariable Analyses %
5 Analysis of postoperative outcomes using multivariable models including all pre-operative =
? and operative factors are shown in Table 2. This demonstrated that age (OR 1.03 (95% %
g Cl 1.02-1.04), P<0.001), moderate ejection fraction (OR 1.48 (95% CIl 1.18-1.85), ;
1(1) P<0.001), poor ejection fraction (OR 1.90 (95% CIl 1.36-2.69), P<0.001), logistic é'? E
12 EuroSCORE (OR 1.02 (95% CI 1.02-1.03), P<0.001), urgent operation (OR 1.63 (95% CI % §
I 1.30-2.00, P<0.001), emergency surgery (OR 6.87 (95% Cl 4.70-10.16), P<0.001) and c 2
}2 longer CPB times affected mortality (OR 1.02 (95% ClI 1.01-1.02), P<0.001). § i
17 When all other variables were taken into account CABG was not significantly e 3
13 associated with an increase in the risk of death (OR 1.15 (95% CI1 0.93-1.42), P=0.20). é §
;? Older age, (OR 1.01 (95% CI 1.00-1.01), p<0.006), longer CPB time (OR 1.00 % §
;g (95% CI 1.00-1.01), P<0.001), urgent (OR 1.26 (95% CI 1.08-2.00), P<0.002) and ? g
24 emergency surgery (OR 2.22 (95% CIl 1.51-3.26), P<0.001) were significant factors in ‘éé”g
;Z identifying people requiring return to theatre for bleeding. Again, CABG did not affect the g%;
i odds of returning to theatre (OR 1.07 (95% Cl 0.93-1.24), P=0.33). g% ;
;g Factors affecting stroke were age, (OR 1.02 (95% CI 1.01-1.03), P<0.001), ggé
31 emergency (OR 7.65 (95% CI 5.00-11.70, P<0.001) or salvage surgery (OR 4.38 (95% %%%
gg Cl1.47-13.1) P=0.008), and CPB times (OR 1.00 (95% CI 1.00-1.01), P<0.001). As in the %é%
2‘5‘ other outcomes, addition of CABG did not affect the outcome (OR 1.12 (95% CI 0.88- g@g
36 1.42), P=0.37). ei- ;
;7; Age, male gender, moderate and poor ejection fraction, operative urgency, higher 5:, é
zg logistic EuroSCORE, and cumulative bypass time significantly all affected post-operative § %
j; length of stay. % §
43 3 o
o DISCUSSION s &
j? This study reports contemporary results of AVR and AVR+CABG in the UK, reflecting real g %
jg world practice, reporting an overall mortality of 1.9% and 2.4% respectively. We have ‘:; §
50 shown a low mortality and complication rate for all comers following surgery in people ' i
g; requiring AVR or AVR+CABG. The complications were low with 3.9% re-sternotomy for E
gi bleeding, 0.04% re-operation for valvular problems and 1.1% stroke. Surprisingly, having %
55 accounted for other risk factors, addition of CABG did not adversely affect the outcomes. ]
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The strengths of the study include its large number of participants, no exclusion of
urgent and emergency/salvage cases, and inclusion of all risk participants. The limitations
are that three centres were unable to take part, possible coding errors in using large
databases, lack of detailed echocardiographic data on valve annular size and presence
or absence of pre-operative infective endocarditis which can adversely affect outcomes.
In addition, the results are in-hospital mortality and complications and the database lack
longer follow-up information.

Data from the current study are consistent with other large international studies.
Data from the US Society of Thoracic Surgeons (STS) database demonstrated in-
hospital mortality for isolated AVR of 2.5% and incidence of stroke of 1.5%.'5 A recent
analysis of the Japanese Cardiovascular Surgery database which assessed the
outcomes of patients undergoing AVR over a 8 year period has demonstrated a similar
in-hospital mortality of 2%.'® They also demonstrated a reduction in mortality over time,
despite increasing surgical risk.

We had set out to analyse the results of AVR in the UK to inform practitioners
treating people with aortic valve disease and inform people with this condition in an era
where other therapies for management of aortic valve disease are evolving with
expanding indications. Although the current study did not examine people who received
TAVI, we discuss the various trials of AVR and TAVI reported in the context of the
literature and compare them with the results of the current study.

In Tables 3-5, the demographics, procedural details and outcomes of the current
study are compared with the respective sub-groups of the published trials. Table 5 shows
low mortality and complication rate in the participants of this study following surgery in
people who required AVR or AVR+CABG. The trials comparing AVR and TAVI have
enrolled and classified patients according to the risk of surgery, in particular the more
recent trials.” The most commonly used surgical risk stratification score is the Society of
Thoracic Surgery risk score (STS), although this scoring system has been validated in
the US population. We have used EuroSCORE and shown that mortality is low in all
categories of risk.

There are several recent trials comparing AVR with TAVI. A meta-analysis of six

of these trials performed by Barili and colleagues reported that mortality was affected by
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2 g
2 the treatment modality with a time-varying effect: TAVI was related to better survival in %
5 the first months after implantation whereas, after 40 months, it was a risk factor for all- =
? cause mortality.’ The NOTION trial, which compared outcomes of patients estimated to %
g have low surgical risk who underwent either TAVI or AVR demonstrated similar early ;
1(1) mortality results, with mortality of 2.1% in TAVI group vs 3.7% in the AVR group, p=0.38."8 é'? E
12 The PIVOTAL trial of low risk patients also reported similar results between those who % §
12 underwent TAVI compared to AVR, with early mortality of 0.5% in TAVI group and 1.3% E é
}2 in AVR.7 In addition, the 5 year results of the PARTNER 2 study, comparing TAVI vs AVR § i
17 in intermediate surgical risk demonstrated no significant difference in the incidence of e 3
12 death or stroke at 5 years following AVR or TAVL.'® The mortality in the intermediate % %
;? EuroSCORE risk category of the current study was 1.0% for AVR only and 0.9% for § g
;g AVR+CABG. PARTNER 3 however demonstrated significantly lower mortality in the ? g
24 TAVI group compared to AVR (1% vs 3.3%, P=0.01) at one year.® An observational study o é”g
;Z of 7618 patients comparing AVR with TAVI at 5 years showed however that in a real world g%;
;; population with low and intermediate risk, AVR was associated with lower mortality and g% S
;g major adverse cardiac events, although this was with first generation TAVI devices.2° ggé
33 Role of co-existent coronary artery disease and its management ggg
2‘5‘ 60% of patients with aortic valve disease undergoing AVR and 65% of those undergoing g@g
36 TAVI have coexisting coronary artery disease.?! In our series, 37% had co-existent i' ;
;7; coronary artery disease and underwent concomitant CABG. The addition of CABG did 5:, é
ig not adversely affect outcomes. In PARTNER 2, although both groups had a similar § %
j; number with coexistent coronary artery disease, 14.5% of the AVR group had gé Tz
43 concomitant CABG compared to 3.9% of the TAVI group who had percutaneous é g
2‘5‘ intervention (Table 4).22 AVR may therefore be the preferred treatment modality in those f{i g
j? with aortic stenosis and multivessel coronary artery disease requiring revascularisation g %
jg and is the standard of care in those in younger age groups. ‘:; §
50 Treatment of coronary artery disease in TAVI patients may require more than one ' i
g; hospital admission and can often result in incomplete revascularisation and its E
gi consequent increased morbidity and mortality. A meta-analysis by Sankaramangalam %
55 and colleagues, demonstrated that whilst there was no increase in mortality in patients S
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with coronary artery disease who underwent TAVI at 30 days, there was a significant
increase in mortality at one year following TAVI in these patients.?® The economic costs
of readmission after TAVI have been demonstrated to be higher than in those who are
readmitted after surgery and so untreated coronary disease which later requires
readmission will have cost implications.?425 Surgery has the advantage of addressing alll

the pathology with one operation.

Durability and choice of prosthetic valves
In choosing the technique of treatment for aortic valve disease, life expectancy of the
person and durability of the valve need to be considered. Ideally, the prosthetic valve
should be durable for the person’s lifetime. Both of these are related to person’s age. In
the UK a 50 year old female has a life expectancy of 34 years and a 70 year old male a
life expectancy of 14 years.26

The durability of bioprosthetic valves is well documented in the surgical literature
and is inversely proportional to person’s age. Structural valve deterioration (SVD) has
been demonstrated to increase exponentially beyond 10 years following surgery.27.28
Considering the UK life expectancy 2%, a 70 year old male has a 5% risk of re-operation
and a 50 year old female has a 30% chance of needing a second operation. Although
long term data regarding the durability of TAVI valves is awaited, the 5 year results of the
PARTNER 2 trial demonstrated that the incidence of SVD in the TAVI group was
significantly higher than in the AVR group.'® However, a sub-study of the NOTION trial
looked at SVD up to 6 years suggested no significant difference between the AVR and
TAVI|.2°

The durability of tissue valves in surgery are well documented.?” Bagur and
colleagues have introduced the concept of valve durability: life expectancy ratio.3° At best,
the TAVI valve which is a tissue valve will have the longevity of the best surgical
bioprosthetic valves, excluding the deleterious effects of crimping with TAVI valves.3! A
systematic review of observational data by Foroutan and colleagues looking at 8914
patients who underwent TAVI with a follow-up of 1.5 - 5 years showed SVD incidence of
0-1.34 per 100 patient-years with a pooled incidence of 28.08 per 10,000 patient-years.3?

Of those with SVD, 12% underwent re-intervention.
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2 g
z Surgery has the advantage of offering the patient a mechanical or a bioprosthetic %
5 valve. The option of a mechanical valve which is only available in surgical AVR should °
? not be overlooked especially in younger people. In the current study, we have shown a %
g fairly consistent ratio of tissue to mechanical valve use. However, the reported literature ;
1(1) shows that the number of mechanical valve implantations has reduced in comparison to é'? E
12 bioprosthetic valves.'® Mechanical valves are durable, with one group reporting 6.9% % §
12 reintervention rate at 15 years versus 12.1% in those who underwent surgery with a E é
12 bioprosthesis.33 For this reason, it has been the most commonly considered prosthesis in é i
17 those under the age of 60, as in our study where 60.2% of participants <60 years had a e 3
12 mechanical valve. Mechanical valves have the disadvantage of requiring anticoagulation, é §
;? although, newer generations require a lower level of anticoagulation.3* Whilst mechanical % §
;g valves are more durable, this has to be balanced against the greater risk of bleeding.33 ? g
24 At 15 years follow up, Chiang and colleagues also demonstrated no significant difference o é”g
;Z in survival and stroke between patients who underwent AVR with mechanical vs g%;
;; bioprosthetic valve.33 Another group demonstrated in the 50-70 year old cohort that g%g
;g survival at 5 years was higher in patients who had undergone AVR with mechanical valve ggé
31 vs bioprosthesis and also demonstrated similar freedom from major bleeding events.3° %%%
2‘5‘ Paravalvular regurgitation and pacemaker implantation g@g
36 There are several complications associated with TAVI and less with AVR which affect i' ;
;7; short and long term outcomes. These include paravalvular regurgitation and conduction 5:, é
ig abnormalities requiring new pacemaker implantation. In the current study less than 0.04% § %
j; required surgery for paravalvular regurgitation. 5 Tz
43 In the earlier trials, moderate to severe paravalvular regurgitation was reported in é g
2‘5‘ more than 10% of TAVI patients.#36 With advances in TAVI technology, this has f{i g
j? decreased to approximately 3.5%, however mild paravalvular regurgitation persists in up g %
jg to 30% of the patients undergoing TAVI compared to 3% in AVR.67 The progression of ‘:; §
50 mild paravalvular regurgitation in AVR has not been studied extensively. In those with ' i
g; mild paravalvular leak, very few are noted to have progression of paravalvular E
gi regurgitation.3” In TAVI patients however, even mild degrees of regurgitation have been %
55 shown to have an impact on long term mortality.38 Padang and colleagues demonstrated S
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that mild paravalvular leak in both AVR and TAVI patients had no influence on survival in
those with high (>8) STS score, however, it was associated with poorer survival in those
with lower STS score.3°

The development of conduction abnormalities and requirement for permanent
pacemaker implantation in patients following TAVI and AVR also needs to be considered.
New pacemaker was inserted in 1.6% of the participants of the current study. The
incidence after AVR is reported between 2 and 7% compared to 6-34% following
TAVI.67.4041 Pacemaker implantation can have deleterious effects on left ventricular
function and cause lead induced tricuspid regurgitation resulting in right heart failure, both

of which are associated with poor outcomes.42-44

Bicuspid aortic valve and aneurysm of the aorta

A significant number of patients requiring AVR have bicuspid aortic valve, which has an
incidence of 1-2% in the general population and may present with aortic valve stenosis,
regurgitation and ascending aortic aneurysm. The type of native aortic valve is not
recorded in the database of our study. Bicuspid aortic valve anatomy, larger annular size,
bulky and asymmetric leaflet calcification and dilated ascending aorta all pose technical
challenges to TAVI which are not prohibitive risk factors for surgery. BAV may be present
in up to 30% of patients undergoing surgical AVR.%> In fact, associated pathology of
aneurysms of the aortic root and ascending aorta can be treated at the time of AVR with
little additional risk.4® People with bicuspid aortic valve disease often present at a younger
age than those with tricuspid valve. In GARY (the German Aortic Valve Registry), there
was an increased incidence of residual aortic insufficiency in the bicuspid group after

TAVI compared to the tricuspid aortic valve group. 4748

European guidelines recommend discussing people with aortic valve disease in a multi-
disciplinary setting referred to as Heart Team, comprising of a surgeon, a non-
interventional and an interventional cardiologist.*® This will allow the best treatment option

to be put forward to the person.
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2 g
; CONCLUSIONS %
5 Surgical AVR with and without CABG has low mortality risk and a low level of °
? complications in the UK in people of all ages and risk factors. Our study provides real %
g world experience of surgical results to improve understanding of the risks of surgery and ;
1(1) decision making in a multi-disciplinary team (MDT) setting with Heart Team. The results é'? E
12 of this study can be utilised by people with aortic valve disease, referring general % §
12 practitioners, physicians, surgeons and policy makers. Future studies need to address E é
12 long term follow-up including factors like quality of life which are currently not collected by é i
17 the specialist centres. e 3
18 - R
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Tables

Table 1. Mortality (%) for different categories of age and EuroSCORE

Age (years) AVR AVR+CABG
<60 2.0 2.2
60-75 1.5 1.8
>75 2.2 3.1
EuroSCORE AVR AVR+CABG
<3% 1.3 2.0
3-6% 1.0 0.9
>6% 3.9 4.4

For peer review only - http://bmjopenz.bmj.com/site/about/guidelines.xhtml

Page 24 of 31

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| 8p anbiyde.bollqig sousby 1e Gz0oz ‘0T aunr uo jwod [wq uadolwa//:dny woiy pspeojumoq "TZ0Z 1890100 82 U0 T6¥910-0202-uadolwa/9eTT 0T Se paysiignd isiiy :usdO (NG


http://bmjopen.bmj.com/

g o
Page 25 of 31 BMJ Open 8 3
<3
3 3
1 2 N
2 é 0
3 Table 2. Multivariable modelling of post-operative outcomes using pre-operative and operative factors & g
4 3 X
5 Predictor missing Category Hospital mortality Return to theatre for New stroke g =  Post-operative length
6 bleeding S of stay (days)
7 Odds ratio  P-value Odds ratio  P-value Odds ratio  P-vdfue v Odds ratio P-value
8 Age (years) 7.9% per unit increase 1.03 <0.001 1.01 0.006 1.02 0.00€ 8 1.00 <0.001
(1.02-1.04) (1.00-1.01) (1.01-1.03) c S (1.00-1.00)
9 Gender 10.3% Female - - - oS -
10 Male 0.63 <0.001 1.18 0.026 1.02 0897 @ 2 094 <0.001
11 (0.51-0.77) (1.02-1.36) (0.80-1.29) >SN (0.93-0.96)
12 LVEF 3.1% Good (>50%) - - - TN -
13 sSo
14 Moderate 1.48 0.001 1.08 0.38 1.13 0.38 (”D'g 1.08 <0.001
15 (30-50%) (1.18-1.85) (0.91-1.27) (0.86-1.48) xE g (1.06-1.10)
)
16 Poor (<30%) 1.90 <0.001 1.10 0.53 0.78 0403 c_T;% 1.07 0.001
17 (1.36-2.69) (0.82-1.48) (0.44-1.38) 2592 (103-1.11)
18 EuroSCORE 12.1% per unit increase 1.02 <0.001 1.01 0.16 1.00 030 >3 1.01 <0.001
19 Logistic (1.02-1.03) (1.00-1.01) (0.99-1.02) 323 (1.01-1.01)
20 Operative 0.02% 1. Elective - - - 28z -
21 Urgency 2. Urgent 1.63 <0.001 1.26 0.002 1.08 0.55¢@ - 'i 1.18 <0.001
22 (1.30-2.00) (1.08-2.00) (0.83-1.41) > g (1.16-1.20)
23 3. Emergency 6.87 <0.001 2.22 <0.001 7.65 <0.0&4 3 1.78 <0.001
(4.70-10.16) (1.51-3.26) (5.00-11.70) 5 3 (1.67-1.90)
24 4. Salvage 11.79 <0.001 1.51 0.41 4.38 0.00& S 1.25 0.006
25 (5.73-24.27) (0.56-4.02) (1.47-13.1) = T (1.07-1.46)
26 Cumulative  2.4% per unit increase  1.02 <0.001 1.00 <0.001 1.00 <0.0& = 1.00 <0.001
27 Bypass (1.01-1.02) (1.00-1.01) (1.00-1.01) % © (1.00-1.00)
28 Time (mins) 3 3
29 Cumulative 2.5% per unit increase 0.99 <0.001 1.00 0.23 1.00 0.38% S 1.00 0.78
30 Cross (0.99-0.99) (1.00-1.00) (0.99-1.00) - & (1.00-1.00)
Clamp Time 8 5
31 (mins) 3 2
32 CABG 0% No - - - S o -
33 Yes 1.15 0.20 1.07 0.33 1.12 037@ ¥ 1.03 <0.001
34 (0.93-1.42) (0.93-1.24) (0.88-1.42) & & (1.00-1.05)
35 LVEF; left ventricular ejection fraction, CABG; coronary artery bypass graft surgery TR
36 &
37 $
38 &
39 =
40 g'
41 o
42 =
43 2
44 2
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Table 3. Baseline characteristics in the current study (UK AVR) versus those in recent trials comparing AVR with TAVI

uipnjoul ‘1yb11Adoo Agq pa1o

uo T690-0202-uadolwag/o;

Page 26 of 31

Age (meanzSD) 70.1£11.5 81.746.7 81.546.7 73.616.1  73.3#5.8 73.615.9 74.145.8 83. N 83.17.1 79+4.7 79.2+49
=~ DN
% Male 59 54.8 54.2 711 67.5 66.2 64 52542 = 53.1 53.8 52.8
= [ww]
BMI (kg/m?) 28.915.5 28.346.2 28.616.2 30.3t5.1  30.7#5.5 NR NR NBE g NR NR NR
NYHA class [I/1V (%) 44 4 76.3 77.3 23.8 31.2 28.4 25.1 865-,9% 5 85.7 45.5 48.6
Q
Logistic EuroSCORE (%) 4.3+7.3 NR NR 1.5+0.9* 1.5+1.2* NR NR 18.652&'@- 17.7+13.1 89+55 84140
Qo o
Diabetes Mellitus (%) 22.2 34.2 37.7 30.2 31.2 30.5 314 4%4;; g 34.9 20.7 17.9
Chronic Kidney Disease (%) 3.1 5.2 5.0 0.2 0.2 0.1 0.4 1228m 3_ 12.2 0.7 14
S
Hypertension (%) 64.9 NR NR NR NR 82.6 84.8 9@1‘_"5 95.1 76.3 71.0
Peripheral vascular disease 8.7 32.9 27.9 7.3 6.9 7.5 8.3 41~1_>7 5‘ 41.1 6.7 4.1
% = =
v S 3
=
Previous stroke (%) 8.2 31 32.1 5.1 3.4 10.2 11.8 14;".)0 g 12.6 16.3 16.6
COPD (%) 13.4 30.0 31.8 6.2 5.1 15.0 18.0 980 8 13.3 11.9 11.7
wn 3
LV ejection fraction (%) 53.2 55.3t11.9  56.2+10.8 66.2+86 65.749.0 61977 61779 Ng S NR NR NR
Coronary artery disease (%) 37.1 66.5 69.2 28.0 27.7 NR NR 759 75.4 NR NR
Atrial fibrillation 10.3 35.2 31.0 18.8 15.7 14.5 15.4 4‘359 a 40.9 25.6 27.8
Permanent pacemaker 1.9 12.0 11.7 2.9 24 3.8 3.2 2158 5'3 23.3 4.4 3.4
(@] A
AVR; surgical aortic valve replacement, TAVI; transcatheter aortic valve implantation, BMI; body mass index, NYHA; New York Heart As%;ci%on classification, COPD; chronic
obstructive pulmonary disease, NR; not reported @ ;:
*EuroSCORE Il reported only P
g
o
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o
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=
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o
©
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4 Table 4. Operative characteristics in the current study (UK AVR) versus those in recent trials comparing AVR with TAVI r:_> %
5
6
7
8
? 0 Operative urgency 22 s
= D
1 Elective (%) 74.3 NR NR NR NR NR NR %@lg NR NR NR
12 Urgent (%) 24 NR NR NR NR NR NR 2 WK NR NR NR
= D —
12 Emergency/Salvage (%) 1.7 NR NR NR NR NR NR ° 345 NR NR NR
D (N
15 Concomitant CABG (%) 37.1 NR - 12.8 - 13.6 - ﬁ%% - 1 -
D @
16 Staged PCI - - NR - 6.5 - 69 az&  03% 0
17 ac®
18 Cross clamp time (minutes) 79.0 NR - 74.3 - 68.7 + - 9,%.&1 - NR NR
>0
19 27.78 29.0 3 %154
S(n=
20 Cardiopulmonary bypass time (minutes) 104 NR - 97.7 + - 934 + - STo4D+ - NR NR
;; 3375 402 3 453
23 Procedure time (minutes) NR NR NR 208.3 + 58.6 + 276.6 148.2 + §2Z§1 604+ 1772+ 903%
= o
24 62.1 36.5 +79.5 55.1 g 8418 35.3 39.8 38.6
;2 AVR; surgical aortic valve replacement, TAVI; transcatheter aortic valve implantation, CABG; coronary artery bypass graft surgery ; 3
27 NR; not reported a 8
@ 3
28 5 3
29 L >
[
30 ® ¢S
31 S ®
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Table 5. Outcomes following surgical AVR in the current study (UK AVR) versus those in recent trials comparing AV@witllj)TAVI

pnjoul ‘1yb11Adoo Agq pa1o

In-hospital death/30-day mortality 1.9 8.0 6.1 3.3 1.0 1.3 0.5 .Qg 3.3 3.7 2.1
(%) 58
Stroke (%) 1.1 6.1 5.5 24 0.6 34 34 6.§ ;U; 49 3.0 1.4

Reoperation for bleeding (%) 3.6 NR NR NR NR NR NR N§§. NR NR NR

Post procedure bleeding (%) - 43.4 104 11.9 1.2 7.5 24 6 ; 5" 41.7 1.3 20.9
Deep sternal wound infection (%) 0.14 NR - NR - NR - Ng 35 - NR -

Length of hospital stay (days) 7 NR - 7.0 3.0 NR NR NE:'Q)/' NR 89+6.2 1291116
New pacemaker implantation (%) 1.6 6.9 8. 4.0 6.5 6.1 17.4 7%‘ 19.8 1.6 34.1

AVR; surgical aortic valve replacement, TAVI; transcatheter aortic valve implantation, CABG; coronary artery bypass graft surgery
NR; not reported
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item
No

Recommendation

Page
No

Title and abstract 1

(a) Indicate the study’s design with a commonly used term in the title or
the abstract

2

(b) Provide in the abstract an informative and balanced summary of what

was done and what was found

Introduction

Background/rationale 2

Explain the scientific background and rationale for the investigation being

reported

Objectives 3

State specific objectives, including any prespecified hypotheses

Methods

Study design 4

Present key elements of study design early in the paper

4-6

Setting

Describe the setting, locations, and relevant dates, including periods of

recruitment, exposure, follow-up, and data collection

4-6

Participants 6

(a) Cohort study—Give the eligibility criteria, and the sources and
methods of selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and
methods of case ascertainment and control selection. Give the rationale
for the choice of cases and controls

Cross-sectional study—Give the eligibility criteria, and the sources and

methods of selection of participants

4-6

(b) Cohort study—For matched studies, give matching criteria and
number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the

number of controls per case

Variables 7

Clearly define all outcomes, exposures, predictors, potential confounders,

and effect modifiers. Give diagnostic criteria, if applicable

4-6

Data sources/ 8*

measurement

For each variable of interest, give sources of data and details of methods
of assessment (measurement). Describe comparability of assessment

methods if there is more than one group

4-6

Bias 9

Describe any efforts to address potential sources of bias

Study size 10

Explain how the study size was arrived at

Quantitative variables 11

Explain how quantitative variables were handled in the analyses. If

applicable, describe which groupings were chosen and why

Statistical methods 12

Continued on next page

(a) Describe all statistical methods, including those used to control for

confounding

(b) Describe any methods used to examine subgroups and interactions

(c) Explain how missing data were addressed

(d) Cohort study—If applicable, explain how loss to follow-up was
addressed

Case-control study—If applicable, explain how matching of cases and
controls was addressed

Cross-sectional study—If applicable, describe analytical methods taking

account of sampling strategy

(e) Describe any sensitivity analyses
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Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially 7
eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed
(b) Give reasons for non-participation at each stage 7
(c) Consider use of a flow diagram
Descriptive 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and 7
data information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest 7-8
(c) Cohort study—Summarise follow-up time (eg, average and total amount) 7
Outcome data 15*%  Cohort study—Report numbers of outcome events or summary measures over time | 7-8
Case-control study—Report numbers in each exposure category, or summary
measures of exposure
Cross-sectional study—Report numbers of outcome events or summary measures
Main results 16  (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and | 7-8
their precision (eg, 95% confidence interval). Make clear which confounders were
adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized 7-8
(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period
Other analyses 17  Report other analyses done—eg analyses of subgroups and interactions, and 8-9
sensitivity analyses
Discussion
Key results 18  Summarise key results with reference to study objectives 9
Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or 10
imprecision. Discuss both direction and magnitude of any potential bias
Interpretation 20  Give a cautious overall interpretation of results considering objectives, limitations, | 9-15
multiplicity of analyses, results from similar studies, and other relevant evidence
Generalisability 21  Discuss the generalisability (external validity) of the study results 9
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if NA

applicable, for the original study on which the present article is based

*@Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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Objectives - To date the reported outcomes of surgical aortic valve replacement (SAVR) are mginly in the settings of trials
(o]
comparing it with evolving transcatheter aortic valve implantation (TAVI). We set out to e)Ean'@we characteristics and

outcomes in people who underwent AVR reflecting a national cohort and therefore ‘real world’ éi:gce

1eal s
ubias
o0z 18

Design - Retrospective analysis of prospectively collected data of consecutive people who undeg@lﬁt SAVR with or without

coronary artery bypass graft (CABG) surgery between April 2013 and March 2018 in the UK. Tms(;;gcluded elective, urgent

xXc3S

and emergency operations. Participants’ demographics, pre-operative risk factors, operative datay Bxghospital mortality, post-

1

1)

Ny wouy pap

operative complications and effect of the addition of CABG to SAVR were analysed.

* (sagv) ins

pue 5UIUIESI1 I\ 6
o'lwq'uetﬁlwq//:d

Setting - 27 (90%) tertiary cardiac surgical centres in the UK submitted their data for analysis.

‘Butuiw eyep p

Participants - 31,277 people with AVR were identified. 19,670 (62.9%) had only SAVR 11,607 (37.1%) had

AVR+CABG.

Results - Mortality for isolated SAVR was 1.9% (95% CI: 1.6-2.1%) and was 2.4% for AVI%+(EABG Mortality by age
category for SAVR only were: <60 years=2.0%, 60-75 years=1.5%, >75 years=2.2%. For SAVR#CZ\BG these were; 2.2%,
1.8% and 3.1%. For different categories of EuroSCORE, mortality for SAVR in low risk people:wafs 1.3%, in intermediate
risk 1% and for high risk 3.9%. 74.3% of the operations were elective, 24% urgent and 1. 7‘@_ eglergency/salvage The
incidences of re-sternotomy for bleeding and stroke were 3.9% and 1.1% respectively. Multivar?abg analyses provided no
evidence that concomitant CABG influenced outcome. However, urgency of the operation, poor ver;;;tricular function, higher

EuroSCORE and longer cross clamp and cardiopulmonary bypass times adversely affected outcomes.

| ap anbiydeiboljqig
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2 Conclusions - Surgical SAVR+CABG has low mortality risk and a low level of complications in the QK in people of all ages
o B )
5 and risk factors. These results should inform consideration of treatment options in people with gort'zé valve disease.
6 5 S
(o]
7 = ®
8 = 9
9 oms
10 bgg
1 Strengths and limitations of this study ggg
12 o 2N
a3
13 - : - : . 3830
14 e This is a large study of consecutive participants who have undergone surgical aortic val¥e,&placement + coronary
X c3
15 : : =53
16 artery bypass graft surgery in the UK, reporting contemporary outcomes. §§§
@ @
1; e This study includes people of all age groups and risks factors, and elective as well @S Zirgent and emergency
>3
;g operations. 2m3
. . . . . >3 .
21 e The results are of in-hospital mortality and complications and longer term follow-up data f-n@t available.
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BACKGROUND

pnjoul ‘1ybruAdoo Ag paio
0 T6970-0202-uadolwq/9:

Aortic valve disease, especially aortic stenosis affects 5% of the population and 3.9% of those @tween the ages of 70 and

79 and nearly 10% of those above the age of 80." Severe aortic stenosis when untreated has 2 rlgk of death of 50% at 2

nwmg

years.? Conventionally the gold standard of treatment has been surgical aortic valve replacem@ig SAVR). However, the
ORI

role of transcatheter aortic valve implantation (TAVI) has evolved in recent years. TAVI was firstargrgduced in 2002, initially
83r

being performed in high risk inoperable patients.® The original Placement of Aortic Transcathetﬁg‘g?alves (PARTNER) trial
demonstrated a significant reduction in mortality, repeat hospitalisation and cardiac symptonifscc@mpared to inoperable

patients who had only medical therapy.# The original PIVOTAL study also demonstrated S|gn|f|c,§ E/ higher survival at one

Q

year in high risk patients who underwent SAVR.5

SEsaev) J

3
3
é comparing SAVR with

6u¢u|uj 123

The role of TAVI is being extended to lower risk and younger patients based on recent t

TAVI.%7 Several studies suggest there has been a change in demographics and types of surg1 §va|ves used since the
advent of TAVIL.8-10 There has been a trend of increased use of tissue valves and a decreasé mcthe use of mechanical
valves in recent years.!" This may be due to the evolution of TAVI practice whereby youngerj!))a@nts can have a tissue
valve with the view that they have a TAVI valve in the future when the tissue valve has deterfpr%ed, so called valve-in-
o

3

valve.12.13

1 Jejiwl

The series in the literature reporting outcomes of SAVR are generally unit based.® 4 Algo éeople with aortic valve
disease are given information about the outcomes of SAVR which may be out of date and mgorr%ctly extrapolated from
smaller studies. There is a lack of contemporary national data to assess the outcome$ ot}% SAVR (mortality and
complications), and to demonstrate the trend in use of prosthetic valves which would inform people \glth aortic valve disease
better. There are some perceived complications of surgery that may be understood by referring ggneral practitioners and

cardiologists to be prohibitive risks for surgery.

| @p anbiydeiboiqig
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]

In order to inform practitioners, people with aortic valve disease and the cardiac surglcal cognmunlty, we set out to
examine the results of contemporaneous SAVR in a multi-centre study of UK cardiac surgical gnlts- in the era of TAVI. In

addition, we summarise and interpret some of the more recent trials on the management of aorﬁ’p vglve disease.

METHODS

"1202 19403190

Data
This is an analysis of prospectively collected data of people who underwent SAVR +/- coronary gri;gy bypass graft (CABG)

><C3

surgery between April 2013 and March 2018 in the UK and Republic of Ireland. Anonymised gﬁg were submitted to the

0] paje[al sasn Jo
awaublasug

d

Society for Cardiothoracic Surgery of Great Britain & Ireland (SCTS) for 27 of the 30 units agcﬁl%en stored in a secure
=3
database. This period was chosen to reflect fairly contemporary practice and also the data is sub;rﬁi%d in March every year.

:5(/)3

The data is collected by each unit, validated and then submitted to the National Institute o£ Cardlovascular Outcome

Research (NICOR). It took approximately nine months to collect, validate and clean all the dat Zghe outcome measures

Bulureimy
g uad

recorded are based on strict definitions provided by NICOR to provide uniformity.
Only participants who had had first time surgery, SAVR +/- CABG were included. All pargcn@nts immaterial of their
risk for surgery, people of all age groups and risk factors were included. Those who required otk@r Goncomitant procedures

like replacement of parts of the aorta, aortic root enlargement, other valve procedures and redo%u@)ery were excluded.
(4]

Pre-operative risk factors and operative features

Bojouyo
20z ‘0T aun

Baseline demographic data; significant past medical history such as diabetes, renal dysfunctign, @ypertension or stroke;
predominant aortic valve pathology (stenosis or regurgitation or mixed valve disease) and preof;erative left ventricular
ejection fraction (LVEF) were collected. EuroSCORE s the risk stratification model used in the UR. Logistic EuroSCORE

| ap anbiydeiboljqig

For peer review only - http://bmjopen?bmj.com/site/about/guidelines.xhtmI


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

was collected as well as EuroSCORE Il where available. The latter was only used since 2017 an therefore not available

pnjougs1ybiiAdoo Ag pa1o:

uo T6v9FD-020z-uadolwa/o;

for all participants. Logistic EuroSCORE was divided into three categories: <3%, 3-6%, >6%.

LVEF was divided into three categories: good (EF>50%), moderate (EF 30-50%) an g) o (EF<30%). Transient

ischaemic attack was defined as any neurological symptoms lasting <24 hours. Stroke was dgfiped as new neurological
3pC

dysfunction persisting >24 hours. Operative data including operative urgency: elective, urge gt@é@d emergency/salvage

«Q
D5 S

—

were recorded. Elective was defined as when the person was admitted from home, urgent méghirg that the person was
-~ D
admitted with an urgent condition and required surgery during the same hospital admiSS|or§ gjggn ergency and salvage

xXc3S

UI

1
00

]

meaning that surgery was required within 24 hours of admission and/or the person was in egﬁ@n s. Other parameters

1

including cardiopulmonary bypass (CPB) time, cross clamp (CCT) time, type of valve implan s well as concomitant

CABG surgery performed were also collected.

* (sagv) e

N uo Jwoo fwg uagolwgqy:dny uJOJ;;_@a

Postoperative outcomes

Postoperative complication data were collected with the main focus being in-hospital mortality, new troke return to theatre

for bleeding, deep sternal wound infection and duration of postoperative hospital stay.

Statistical analysis

1 Jejlwis pue ‘ﬁu!@en 1V ‘Butuiw e1®‘ p

Once the records for all participants were collated and the data cleaned, each factor was surﬁménsed using descriptive

T9o

methods. Categorical variables are presented as N (%) and continuous variables are presen?d @s median (IQR). New
strokes were recoded to be either no stroke or any cerebrovascular accident (transient or perraartent) The natural log of
post-operative length of stay (days) was used due to positive skewed distribution of this variable. Lloﬁnlvarlate models were
used, logistic regression for binary outcomes and linear regression for continuous outcomes, to agsess the impact of the
key explanatory variables. In these models, a two-tailed p-value of <0.05 was considered S|gra}f|cant The population

analysed included all the participants with data collected, with results checked in the subset who I%d SAVR only (without

| @p anbiyde
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z CABG). Building on this, a multivariable model with all key variables in the model to assess whfc':h gad the most impact on
5 each of the outcomes was created. Stata/MP 15.1 (StataCorp LLC, Texas, USA) was usecngP all analyses. Multiple
6
7 imputation of missing data was not performed. The missingness was mostly negligible. There w‘&s rgg) missing mortality and
g the data is shown in Table 1. é mg
®>8
10 gy
L)
11 R
12 Patient and public involvement oI
13 =@
14 Patients and public were involved in the original design of the database. é;g
15 =53
16 2 %§
17 Ethics §52
18 853
19 This data is ordinarily submitted to National Institute of Cardiovascular Outcome Research (I\E(E,';éR) for which local and
ERGE
;? national Caldicott guardian approvals have been obtained. The data are validated by the surgica teams and their database
;g managers/audit officers. For the current study a further approval from the Caldicott Guardian wéjs Q%tained.
o 3
24 = g
25 Q o
26 RESULTS o %
27 % o
;g Descriptive analysis 2 z
31 In total 31,277 patients were included. Of these, 19,670 (62.9%) had only SAVR and 11,607 (97 3%) had SAVR+CABG.
32
33 There were 14.4% below the age of 60, 46.9% between 60 to 75 and 36.7% older than 75 y@rs.\ywth 7.9% missing age
2‘5‘ data. There were 1.9 times more males than females (10.3% missing). 2 g
36 Regarding pre-operative risk factors, 75.2% had good LVEF, 17.3% had moderate and 4. 3°/ihad poor LVEF. 74.3%
37 S
38 of the operations were elective, 24% were urgent and 1.7% were emergency or salvage operatlonsi
39 ©
40 g
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Logistic EuroSCORE had a median of 1.83 with an IQR of 0.06-6.0. In total, 50% of patrent§were classified as low
risk (<3%), 16% as medium risk (3—6%) and 22% high risk (>6%). 3,792 patients (12.1%) weregmnssmg data. The median
EuroSCORE Il was 1.95 (IQR 0.67-4.8) albeit with 56.5% with missing data, as this was mtroﬁuogd into the database in
2017. The median CPB time was 104 minutes (IQR 82-135) and CCT was 79 minutes (IQR 61 aoﬂ1§

For valve implant replacement type, 70% had a tissue valve, 12.2% a mechanical valve @rtdﬂo 2% had homograft or
autograft valves. For 17.3% the entry for valve type was unclear. The ratio of mechanical |mplér§ Eb bioprosthetic implant
use has remained stable over time.

Overall mortality was 2.4% (95% CI: 2.2-2.6%) and mortality for isolated SAVR for all

2.1%). The mortality figures analysed for different age ranges and for categories of EuroSCOR

tigipants was 1. 9% (1.6-

shown in Table 2.

& 21l iR 1xa1 01
V) anaiedns jua
OJ@eleumoa

Overall, 3.9% (3.6% in SAVR only) of participants had re-sternotomy for post-operati \@?@ eding or tamponade,
0.04% (0.06% in SAVR only) had re-operation for valvular problems (significant paravalvular I@i%ﬁznd early endocarditis),
0.7% (0.6% SAVR only) had re-operation for other cardiac problems, 0.2% (0.15% for SAVR oniy)gad rewiring of sternum
for sterile wounds and 0.14% (0.06% for SAVR only) had re-wiring of sternum for infection. %rag ient ischaemic attack

occurred in only 0.6% and 1.1% had a stroke (no missing data). 2 %T
Median post-operative length of stay was 7 days (IQR: 6-11) in those with SAVR only a gd égdays (IQR: 6-12) in all

patients. 2 2
The number of bypass grafts was not analysed due to concerns about inconsistent repo :ﬁt é of data describing the

=

number of grafts. g B

When comparing the two subsets of patients, the characteristics of those with SAVR aIé’ne@ere broadly similar to
those with SAVR+CABG. In SAVR alone there were more people aged <60 years (19.3% vs 6.2"/@, but less people were
older than 75 (30.1% vs 43%). A higher proportion of those with SAVR+CABG were male (68% vs. $4%). Bypass time was

| ap anbiydeiboljqig
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2 g 3
z an average of 37 minutes shorter and CCT 27 minutes in the SAVR alone group. Amongst§h0§e with only SAVR the
o N
5 mechanical valve usage was greater, at 16% vs 7%. s f
6 5 S
7 SR
8 . . = 0
9 Regression analysis e ma
®>8
1(1) Univariable 323
259
12 Taken in isolation, all pre-operative risk factors were associated with an increased odds of deatrf;'icaczél’was addition of CABG.
13 850
14 The same pattern was observed when analysing the need for re-operation or surgery, wit@ @& explanatory variables
12 indicative of a worse outcome without taking into account any others. For new stroke only a ”?EuroSCORE, operative
1{73 urgency, ejection fraction, and cumulative bypass and cross clamp times affected a negative o@cioifbe (but not gender), as
D >0
19 did CABG. All factors predicted a longer postoperative length of stay, including CABG. g&i
20 5o
21 As a sensitivity analysis, age categories were also assessed. When included as a co@i-n@ous variable, age was
> O
;g significant both on its own and in all the multivariable models. All participants were categoriseg i%o <60, 60-75 and >75
;‘5‘ years of age. Those 60-75 were at a lower odds of death in comparison to those <60 (OR 0.71, %%SCI 0.53-0.95, P=0.021)
26 with no difference in those >75 (OR 1.09, 95% CI 0.82-1.45) in the AVR alone group. These fif?;dir%s were different in the
;; SAVR+CABG group, with no significant difference in those 60-75 (OR 0.81, 95% CI 0.64-1.0§-) tth an increased risk in
= o
§§ those >75 (OR 1.09, 95% Cl 1.12-1.76, P=0.004). 2 2
® £
31 5 o
32 o 5
33 Multivariable Analyses % S
34 2 O
35 Analysis of postoperative outcomes using multivariable models including all pre-operative and Opeétive factors are shown
>
g? in Table 1. This demonstrated that age (OR 1.03 (95% CI 1.02-1.04), P<0.001), moderate ejection‘@raction (OR 1.48 (95%
38 C11.18-1.85), P<0.001), poor ejection fraction (OR 1.90 (95% CI 1.36-2.69), P<0.001), logistic Euro%CORE (OR 1.02 (95%
39 5.
40 g
41 )
42 =
43 =
44 1b 2
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Cl 1.02-1.03), P<0.001), urgent operation (OR 1.63 (95% CI 1.30-2.00, P<0.001), emergency‘;fé,u ery (OR 6.87 (95% CI
4.70-10.16), P<0.001) and longer CPB times affected mortality (OR 1.02 (95% CI 1.01-1.02), P%:Q.@H).

When all other variables were taken into account CABG was not significantly associated‘go/itlg an increase in the risk

a0

of death (OR 1.15 (95% CI1 0.93-1.42), P=0.20). é m%?
Older age, (OR 1.01 (95% CI 1.00-1.01), p<0.006), longer CPB time (OR 1.00 (95% ClI 1%@%.01), P<0.001), urgent
(OR 1.26 (95% CI 1.08-2.00), P<0.002) and emergency surgery (OR 2.22 (95% CI 1.51-3.26)§I§$D.001) were significant
factors in identifying people requiring return to theatre for bleeding. Again, CABG did not affe%élge odds of returning to
theatre (OR 1.07 (95% CI 0.93-1.24), P=0.33). ;?Zg
Factors affecting stroke were age, (OR 1.02 (95% CI 1.01-1.03), P<0.001), emergency (05%2'55 (95% C15.00-11.70,
P<0.001) or salvage surgery (OR 4.38 (95% CI 1.47-13.1) P=0.008), and CPB times (OR 1.00 (9%’@@ 1.00-1.01), P<0.001).
As in the other outcomes, addition of CABG did not affect the outcome (OR 1.12 (95% CI 0.88-50722), P=0.37).
Age, male gender, moderate and poor ejection fraction, operative urgency, higher :fog?tic EuroSCORE, and
cumulative bypass time significantly all affected post-operative length of stay. g E
s 3
DISCUSSION g §

o

This study reports contemporary results of SAVR and SAVR+CABG in the UK, reflecting real \gor@ practice, reporting an
o c

overall mortality of 1.9% and 2.4% respectively. We have shown a low mortality and complication %ateéfor all comers following

surgery in people requiring SAVR or SAVR+CABG. The complications were low with 3.9% é-stjernotomy for bleeding,

0.04% re-operation for valvular problems and 1.1% stroke. Surprisingly, having accounted for oﬁwe@isk factors, addition of

aby

CABG did not adversely affect the outcomes.
The strengths of the study include its large number of participants, no exclusion of urgent é;pd emergency/salvage

cases, and inclusion of all risk participants. The limitations are that three centres were unable to tage part, possible coding
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errors in using large databases, lack of detailed echocardiographic data on valve annular size agd §resence or absence of

1%

pre-operative infective endocarditis which can adversely affect outcomes. In addition, the resu.gts are in-hospital mortality

10} Bul
O 8¢ uo

and complications and the database lack longer follow-up information.

Data from the current study are consistent with other large international studies. Data frorrglaerS Society of Thoracic
Surgeons (STS) database demonstrated in- hospital mortality for isolated SAVR of 2.5% and mq&%ce of stroke of 1.5%.1°
A recent analysis of the Japanese Cardiovascular Surgery database which assessed the outcog@ﬁof patients undergoing
SAVR over a 8 year period has demonstrated a similar in-hospital mortality of 2%.7® They also d-:pg;\gnstrated a reduction in
mortality over time, despite increasing surgical risk. The age of the patients in our study is Iow%%f?an some of the trials of
SAVR and TAVI. This is probably due to the selection criteria in these trials where older patlen@ %re selected.

>
We had set out to analyse the results of SAVR in the UK to inform practitioners treatlrp_sigﬁéeople with aortic valve

Swn=
disease and inform people with this condition in an era where other therapies for managementﬁﬂ“aortlc valve disease are
evolving with expanding indications. Although the current study did not examine people who recEw@d TAVI, we discuss the
various trials of SAVR and TAVI reported in the context of the literature and compare them w@ t@ results of the current
study. E

o

In Tables 3-5, the demographics, procedural details and outcomes of the current stugy are compared with the

0o fwqg

respective sub-groups of the published trials. Table 5 shows low mortality and complication rat% nithe participants of this
study following surgery in people who required SAVR or SAVR+CABG. The trials comparing A\‘-ZrR and TAVI have enrolled
and classified patients according to the risk of surgery, in particular the more recent trials.®: 7g|_'h% most commonly used
surgical risk stratification score is the Society of Thoracic Surgery risk score (STS), although thi% sgbring system has been
validated in the US population. We have used EuroSCORE and shown that mortality is low in all cﬁtegories of risk.

There are several recent trials comparing SAVR with TAVI. A meta-analysis of six of these tials performed by Barili

and colleagues reported that mortality was affected by the treatment modality with a time-varying &fect: TAVI was related

| @p anbiydeibo
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to better survival in the first months after implantation whereas, after 40 months, it was a risk facior g)r all-cause mortality."”
The NOTION trial, which compared outcomes of patients estimated to have low surgical risk whg underwent either TAVI or
SAVR demonstrated similar early mortality results, with mortality of 2.1% in TAVI group vs‘i” 7@’0 in the SAVR group,
p=0.38."8 The PIVOTAL trial of low risk patients also reported similar results between those whogm&rwent TAVI compared
to SAVR, with early mortality of 0.5% in TAVI group and 1.3% in SAVR.” In addition, the 5 year;[res’-hlts of the PARTNER 2
study, comparing TAVI vs SAVR in intermediate surgical risk demonstrated no significant dlf@@ce in the incidence of
death or stroke at 5 years following SAVR or TAVL."® The mortality in the intermediate EuroSE)@g{E risk category of the

current study was 1.0% for SAVR only and 0.9% for SAVR+CABG. PARTNER 3 however demqﬁélgated significantly lower
mortality in the TAVI group compared to SAVR (1% vs 3.3%, P=0.01) at one year.6 An observat@ﬁa%r study of 7618 patients

=

>
comparing SAVR with TAVI at 5 years showed however that in a real world population with low a;ﬁ neﬂtermedlate risk, SAVR

ERZES
was associated with lower mortality and major adverse cardiac events, although this was &v\/t{i first generation TAVI
devices.20 E El

o 3
Role of co-existent coronary artery disease and its management = 3

60% of patients with aortic valve disease undergoing SAVR and 65% of those undergoing TA\@ héve coexisting coronary
artery disease.?! In our series, 37% had co-existent coronary artery disease and underweng ccmcomltant CABG. The
addition of CABG did not adversely affect outcomes. The US'® and Japanese'® series did not Io@k |ﬁto concomitant CABG.
The percentage of concomitant CABG in our series is higher than the trials of SAVR/TAVI. °Th¢s probably reflects the
selection criteria in the latter. In PARTNER 2, although both groups had a similar number wﬂhgc_:o%mstent coronary artery
disease, 14.5% of the SAVR group had concomitant CABG compared to 3.9% of the TAVI grgupg}vho had percutaneous
intervention (Table 4).22 SAVR may therefore be the preferred treatment modality in those w]ﬁh aortic stenosis and

]
multivessel coronary artery disease requiring revascularisation and is the standard of care in thosedn younger age groups.
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Treatment of coronary artery disease in TAVI patients may require more than one hospltal a§m|SS|on and can often
result in incomplete revascularisation and its consequent increased morbidity and mortglltyA A meta-analysis by
Sankaramangalam and colleagues, demonstrated that whilst there was no increase in mortallg wgpatlents with coronary
artery disease who underwent TAVI at 30 days, there was a significant increase in mortality atg)ma year following TAVI in
these patients.?3 The economic costs of readmission after TAVI have been demonstrated to bg &@her than in those who

QJD
are readmitted after surgery and so untreated coronary disease which later requires reggrﬁilssmn will have cost

]
3

implications.?425 Surgery has the advantage of addressing all the pathology with one operatlon.éég
289
258
Durability and choice of prosthetic valves 85<
>0
In choosing the technique of treatment for aortic valve disease, life expectancy of the person 8 durability of the valve
ERZES
need to be considered. Ideally, the prosthetic valve should be durable for the person’s lifetime. Bo t[i of these are related to
person’s age. In the UK a 50 year old female has a life expectancy of 34 years and a 70 year o 5 rtziale a life expectancy of
I
14 years.?6 > 9

The durability of bioprosthetic valves is well documented in the surgical literature and g idversely proportional to

09’

person’s age. Structural valve deterioration (SVD) has been demonstrated to increase expoglerftlally beyond 10 years
following surgery.2728 Considering the UK life expectancy 25, a 70 year old male has a 5% risk ofﬁfe @peratlon and a 50 year
old female has a 30% chance of needing a second operation. Although long term data regar%mg the durability of TAVI
valves is awaited, the 5 year results of the PARTNER 2 trial demonstrated that the incidence of §V&|n the TAVI group was
significantly higher than in the SAVR group.'® However, a sub-study of the NOTION trial Ioo‘kect’]at SVD up to 6 years
suggested no significant difference between the SAVR and TAVI.2°

uaby

The durability of tissue valves in surgery are well documented.?’” Bagur and colleagues haveﬁntroduced the concept

of valve durability: life expectancy ratio.3® More information on durability of TAVI valves is pending, h%wever, there are some
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deleterious effects of crimping with TAVI valves.3! A systematic review of observational data by F§routan and colleagues

61

looking at 8914 patients who underwent TAVI with a follow-up of 1.5 - 5 years showed SVD mglde’nce of 0-1.34 per 100
patient-years with a pooled incidence of 28.08 per 10,000 patient-years.32 Of those with ‘iSVQ 12% underwent re-

intervention. § r3n§

Surgery has the advantage of offering the patient a mechanical or a bioprosthetic valve. ?Iﬁoption of a mechanical
valve which is only available in surgical SAVR should not be overlooked especially in younger p@é& In the current study,
we have shown a fairly consistent ratio of tissue to mechanical valve use. However, the repo sm E rature shows that the
number of mechanical valve implantations has reduced in comparison to bioprosthetic valve §’ %\/Iechanical valves are
durable, with one group reporting 6.9% reintervention rate at 15 years versus 12.1% in those V\% nderwent surgery with

a bioprosthesis.33 For this reason, it has been the most commonly considered prosthesis in th nder the age of 60, as

(SE!‘Q]V) @euegn

ny WOJJQGP

@ e

in our study where 60.2% of participants <60 years had a mechanical valve. Mechanical valveé haye the disadvantage of
requiring anticoagulation, although, newer generations require a lower level of anticoagulation. ﬁV\EnIst mechanical valves
are more durable, this has to be balanced against the greater risk of bleeding.33 At 15 years foIIongp @Chiang and colleagues
also demonstrated no significant difference in survival and stroke between patients who underV\@nt?DAVR with mechanical
vs bioprosthetic valve.3® Another group demonstrated in the 50-70 year old cohort that survivgl a§5 years was higher in
patients who had undergone SAVR with mechanical valve vs bioprosthesis and also demonst¥atetl similar freedom from

maijor bleeding events.3°

‘saifojouyoal

Bicuspid aortic valve and aneurysm of the aorta
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A significant number of patients requiring SAVR have bicuspid aortic valve, which has an incide:ncéof 1-2% in the general

61

population and may present with aortic valve stenosis, regurgitation and ascending aortic anéjry;sm. The type of native
aortic valve is not recorded in the database of our study. BAV may be present in up to 30% of péj;ielgats undergoing SAVR.36
Bicuspid aortic valve anatomy, larger annular size, bulky and asymmetric leaflet calcification aac;h allated ascending aorta
all pose technical challenges to TAVI which are not prohibitive risk factors for surgery. In fac;; é%somated pathology of

aneurysms of the aortic root and ascending aorta can be treated at the time of SAVR with little @Ejtﬂonal risk.3’

]
3

oY
g3
European guidelines recommend discussing people with aortic valve disease in a multi-discipli By setting referred to as
o=
Heart Team, comprising of a surgeon, a non-interventional and an interventional cardiologis H%%hls will allow the best
>0
treatment option to be put forward to the person. 3,?35
ERGES
gt
> o
CONCLUSIONS ; (_33

SAVR with and without CABG has low mortality risk and a low level of complications in the UK |n§pe9ple of all ages and risk
factors. Our study provides real world experience of surgical results to improve understandlnggofﬁwe risks of surgery and
decision making in a multi-disciplinary team (MDT) setting with Heart Team. The results of tt’% study can be utilised by
people with aortic valve disease, referring general practitioners, physicians, surgeons and poI?ty inakers Future studies
need to address long term follow-up including factors like quality of life which are currently noi%coﬁected by the specialist

centres.

‘salbojou
v e Ggoz ‘0

Acknowledgement. We would like to thank all the units (listed below) and the consultant surgegns who submitted their

data for analysis. We are indebted to all the database managers and audit officers who have collegted this data.

| ap anbiydeiboljqig

For peer review only - http://bmjopen].'bmj.com/site/about/guidelines.xhtmI


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

1yb1iAdoa Aq paio
-020z-uadolw /9

Contributorship: The first five authors and the senior author have designed this project, comglleghe data set, collected,
analysed the data and reviewed the various versions of the manuscript. Other authors hage Ieollated validated and
submitted their data on behalf of their unit. They have assisted in the design and analysis of tﬁe @anuscrlpt In addition,

each author has cointributed to the various verisons of the manuscipt with constructive cor@ments Every author has

S9
Ssu

N 'Te0z 48q0

contributed to the interpretation of data. More specifically:

01 paieal
uawaubie

1. Marjan Jahangiri - Thought of the concept, designed the project, plan data collection, identified , approached each unit,

9

collected and analysed the data. Wrote the first draft and author for subsequesnt versions.
2. Rajdeep Bilkhu - thought of the concept, designed the project, planned data collection, colle he data and cleaned it,

contribuited significantly to writing major sections of the paper

ef.pue 1x
alladn
u wo.j pppeoju

‘UIW el
saev)

3. Andrew Embleton-Thirsk — Involved in the design of the study at the outset, of the two mams@tlstlman who carried out
the statistical work. Attended several meetings to discuss the project, involed in writing all the veZsm@s

4. Hakim-Moulay Dehbi - Involved in the design of the study at the outset, of the two main s%hs%man who carried out the
statistical work. Attended several meetings to discuss the project, involed in writing all the versuﬁ:ﬂs U

5. Krishna Mani - thought of the concept, designed the project, planned data collection, coIIecféd 8he data and cleaned it,
contribuited significantly to writing major sections of the paper, checked the literature contents ar% rejferences.

6. Jon Anderson — Planned the project with the first two authors, acquired the data and contributed ED s§vera| verisons during the

(0]
[EnY
o

7. Vassilios Avlonitis - Planned the project with the first two authors, acquired the data and contribuged @ several verisons during

2]

wiriing up phase

ojouys

the wirting up phase
8. Max Baghai - Planned the project with the first two authors, acquired the data and contributed to s@veral verisons during the

writing up phase

For peer review only - http://bmjopenz.bmj.com/site/about/guidelines.xhtmI

| @p anbiydeibolqig aou@v g

Page 22 of 35


http://bmjopen.bmj.com/

Page 23 of 35

oNOYTULT D WN =

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

S
BMJ Open g 3
g 3
3 3
8
g 3
Inderpaul Birdi — Planned the project with the first two authors, acquired the data and contributedgo s§vera| verisons during the
o N
writing up phase c E
Karen Booth - Planned the project with the first two authors, acquired the data and contributed @ sg)yeral verisons during the
o
writing up phase e mco>
oms
Norman Briffa - Planned the project with the first two authors, acquired the data and contributed f_@%@veral verisons during the
m —_—
writing up phase g% S
3=
Keith Buchan - Planned the project with the first two authors, acquired the data and contributed %L)g%yeral verisons during the
writing up phase %’gé
o o
Sunil Bhudia - Planned the project with the first two authors, acquired the data and contributed ’@:%%/eral verisons during the
ot o
wiriing up phase 83
323
Alex Cale - Planned the project with the first two authors, acquired the data and contributed tg geveral verisons during the
:vl—f
writing up phase i' ;
Indu Deglurkar - Planned the project with the first two authors, acquired the data and contributed g_p sgveral verisons during the
gt
writing up phase § 5
« o
Shakil Farid - Planned the project with the first two authors, acquired the data and contributed t® S§J6r3| verisons during the
o
writing up phase % %
Leonidas Hadjinikolaou - Planned the project with the first two authors, acquired the data and c@ntr@uted to several verisons
during the writing up phase 2 3
>
Martin Jarvis - Planned the project with the first two authors, acquired the data and contributed & s'é;’veral verisons during the
«Q
wiriing up phase o §
’ D
Seyed Hossein Javadpour - Planned the project with the first two authors, acquired the data and contgbuted to several verisons

during the writing up phase
Reubendra Jeganathan - Planned the project with the first two authors, acquired the data and contributed to several verisons

during the writing up phase

For peer review only - http://bmjopenz.bmj.com/site/about/guidelines.xhtmI

| op enbiydeibollqigaoush


http://bmjopen.bmj.com/

oNOYTULT D WN =

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

S
BMJ Open g 3
g3
o ©
o >
8
e 3
Manoj Kuduvalli - Planned the project with the first two authors, acquired the data and contribut;e'.d @ several verisons during
N
the writing up phase % =
= o
Kulvinder Lall - Planned the project with the first two authors, acquired the data a 2
= o
Jorge Mascaro - Planned the project with the first two authors, acquired the data and contributed ?p sgveral verisons during the
wmg
writing up phase ? § %
Dheeraj Mehta - Planned the project with the first two authors, acquired the data and contributed %‘gsgveral verisons during the
[¢°]
writing up phase gg ;
-0
Sunil Ohri - Planned the project with the first two authors, acquired the data and contributed t& $6¥eral verisons during the
~S2
writing up phase %%%
Prakash Punjabi - Planned the project with the first two authors, acquired the data and contribui%d‘;% several verisons during
(]
the writing up phase gai
Venkateswaran Rajamiyer - Planned the project with the first two authors, acquired the data and Q%Etﬁbuted to several verisons
during the wirting up phase E :35
» 8
Paul Ridley - Planned the project with the first two authors, acquired the data and contributed tg. s@/eral verisons during the
writing up phase = g

ue

Christopher Satur - Planned the project with the first two authors, acquired the data and contribu@d gv several verisons during

o
=}

rejw

the writing up phase
[

Serban Stoica - Planned the project with the first two authors, acquired the data and contributed f s&veral verisons during the
(0]

=
o

ojouy

writing up phase

Uday Trivedi - Planned the project with the first two authors, acquired the data and contributed sé\)}/eral verisons during the

2]

writing up phase

vieg

Afzal Zaidi - Planned the project with the first two authors, acquired the data and contributed to séEveral verisons during the

writing up phase

For peer review only - http://bmjopenz.bmj.com/site/about/guidelines.xhtmI

| @p anbiydeiboiqig 2o

Page 24 of 35


http://bmjopen.bmj.com/

S
Page 25 of 35 BMJ Open g 3
< ©
3 3
1 S
2 (g B
431 33. Patrick Yiu - Planned the project with the first two authors, acquired the data and contributed t§ s@eral verisons during the
5 writing up phase % §
o
? 34. Narain Moorjani - Planned the project with the first two authors, acquired the data and contnbut%d I@ several verisons during
8 the writing up phase. Facilitated the acquisition of thedata through the Society for CardlothoracmgSu@;ery of GB & Ireland.
9
10 35. Simon Kendall - Planned the project with the first two authors, acquired the data and contributed %%gveral verisons during the
n writing up phase. Facilitated the acquisition of thedata through the Society for Cardiothoracic Sumeﬁy of GB & Ireland.
12
13 36. Nick Freemantle — Senior statistician who designed the project, defiend the original plang‘@rdhe study, assisted the
12 other two statistician to analyse the data, took part in several meetings interpreting thexc%tia with further analysis,
D
1? assisted in writing the paper and final analysis. 3§§
ot o
18 g’g?
3
19 gmj
20 5<=
21 a2
22 % g
23 s O
24 > g
25 Q g
26 ) =
27 o 3
28 3 3
29 Y z
30 T c
31 S 3
32 s 5
33 S B
34 & &
35 2
36 g
37 a
38 Competing interests: All authors declare no competing interests. il
39 @
40 g
41 o
42 =
43 2
a4 . e o . o
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml )
46


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

1ybuAdoo Aq paio
-020z-uadolw /9

Ethical approval: Anonymised data were submitted to the Society for Cardiothoracic Surger;g of%reat Britain & Ireland
(SCTS) for 27 of the 30 units and then stored in a secure database. This data is ordinarily subrrgteg to National Institute of
Cardiovascular Outcome Research (NICOR) for which local and national Caldicott guardian app‘Eov@s have been obtained.

A further approval from the Caldicott Guardian was obtained in 2020.

e|aJ Sasn Jo
ublasu3g
0Z 1890190

|

Funding: We would like to expess our gratitude to Edwards Lifesciences for their support for gg#alt time research person

and administrator for this study.

alladns jua
peojumo(q *

9

g

Data sharing: Requests on data sharing can be made by contacting the corresponding autho ta will be shared after

JgP pue ]1xa] 01

v ‘6u!u® e
CE)
q//:dny Quo .y

review and approval by the authors and terms of collaboration will be reached together with a sig ata access agreement.

The corresponding author (MJ) affirms that the manuscript is an honest, accurate, and transpareat account of the study

reJ
o)

being reported; that no important aspects of the study have been omitted; and that any discr@a_ﬁcies from the study as

‘6
q

planned (and, if relevant, registered) have been explained. The manuscript is read and approvegl b¥. all authors.

"saifojouyoal Jejiwis p

| @p anbiydeiboiqig aouaby 1e GZogz ‘0T aunC uo /wod

For peer review only - http://bmjopenz.bmj.com/site/about/guidelines.xhtmI

Page 26 of 35


http://bmjopen.bmj.com/

Page 27 of 35 BMJ Open g §
1 S
2 g 3
j REFERENCES -~
o N
5 c E
6 5 S
7 Zakkar M, Bryan AJ, Angelini GD. Aortic stenosis: diagnosis and management. BMJ 2018;35@:1—9.
g 2 Otto CM, Burwash IG, Legget ME, et al. Prospective study of asymptomatic valvulaﬁr rlasg’.)rtic stenosis: Clinical,
@D > S
1(1) echocardiographic, and exercise predictors of outcome. Circulation 1997;95:2262-70. géi
12 3 Cribier A, Eltchaninoff H, Tron C, et al. Early experience with percutaneous transcatheteri@&antation of heart valve
13 3 .
14 prosthesis for the treatment of end-stage inoperable patients with calcific aortic ste:(flggs. J Am Coll Cardiol
. 2004;43:698-703. 253
17 4 Leon MB, Smith CR, Mack M, et al. Transcatheter Aortic-Valve Implantation for Aorticg&énosis in Patients Who
18 3
19 Cannot Undergo Surgery. N Engl J Med 2010;363:1597-607. ;,Eﬁg
ERG S
;? 5 Adams DH, Popma JJ, Reardon MJ, et al. Transcatheter aortic-valve replacement with asseff-expanding prosthesis.
;g N Engl J Med 2014;370:1790-8. E El
o 3
24 6 Mack MJ, Leon MB, Thourani VH, et al. Transcatheter aortic-valve replacement with a ballo®n-expandable valve in
25 Q o
2% low-risk patients. N Engl J Med 2019;380:1695-705. » 3
;; 7 Popma JJ, Michael Deeb G, Yakubov SJ, et al. Transcatheter aortic-valve replacement \g-ithga self-expanding valve
;g in low-risk patients. N Engl J Med 2019;380:1706-15. E_E %
o c
31 8 De Backer O, Luk NHV, Olsen NT, et al. Choice of Treatment for Aortic Valve Stenosis @a tlize Era of Transcatheter
gg Aortic Valve Replacement in Eastern Denmark (2005 to 2015). JACC Cardiovasc Interv 2§16§9:1 152-8.
2‘5‘ 9 Martin E, Dagenais F, Voisine P, et al. Surgical aortic valve replacement outcomes in the ﬁargcatheter era. J Thorac
36 Cardiovasc Surg 2015;150:1582—8. g
37 S
38 10  Silaschi M, Conradi L, Treede H, et al. Trends in Surgical Aortic Valve Replacement in More @an 3,000 Consecutive
23 Cases in the Era of Transcatheter Aortic Valve Implantations. Thorac Cardiovasc Surg 2016;54:382—9.
4 S
42 =
43 =
44 ®
45 For peer review only - http://bmjopenz.bmj.com/site/about/guidelines.xhtmI %
46


http://bmjopen.bmj.com/

oNOYTULT D WN =

11

12
13

14

15

16

17

18

19

20

BMJ Open

ybuAdoo Ag pa1o
-020z-uadolwa/9;

Tam DY, Rocha R V., Wijeysundera HC, et al. Surgical valve selection in the era of;traﬁscatheter aortic valve

1%

replacement in the Society of Thoracic Surgeons Database. J Thorac Cardiovasc Surg 2@0;359:416—27.
Simonato M, Dvir D. Transcatheter aortic valve replacement in failed surgical valves. Heé%t 2§19'105'S38—43

Landes U, Webb JG, De Backer O, et al. Repeat Transcatheter Aortic Valve Repla:,%ment for Transcatheter

Prosthesis Dysfunction. J Am Coll Cardiol 2020;75:1882-93. gg%
Huygens SA, Mokhles MM, Hanif M, et al. Contemporary outcomes after surgical aorﬁé @alve replacement with
bioprostheses and allografts:a systematic review and meta-analysis. Eur J Cardiothorac %%02016;50:605—16.
Thourani VH, Suri RM, Gunter RL, et al. Contemporary real-world outcomes of surgical é’é‘ic valve replacement in
141,905 low-risk, intermediate-risk, and high-risk patients. Ann Thorac Surg 2015;99:55— éﬁ%
Tokuda Y, Yamamoto H, Miyata H, et al. Contemporary outcomes of surgical aortic valve ge}?)%cement in Japan. Circ
J2020;84:277-82. B

> o

Barili F, Freemantle N, Pilozzi Casado A, et al. Mortality in trials on transcatheter aorticcvalve implantation versus

rel
do

surgical aortic valve replacement: a pooled meta-analysis of Kaplan-Meier-derived |nd§/ idgal patient data. Eur J
Cardiothorac Surg 2020;58:221-9.

Thyregod HGH, Steinbruchel DA, Ihlemann N, et al. Transcatheter versus surgical aortic vegveaeplacement in patients

pue ‘b
0o fwqg

with severe aortic valve stenosis: 1-year results from the all-comers NOTION randomlﬁed Ellnlcal trial. J Am Coll

Cardiol 2015;65:2184-94. % E
Makkar RR, Thourani VH, Mack MJ, et al. Five-Year Outcomes of Transcatheteéorg Surgical Aortic-Valve
Replacement. N Engl J Med 2020;382:799-809. 2 §

Barbanti M, Tamburino C, D’Errigo P, et al. Five-Year Outcomes of Transfemoral Trart@catheter Aortic Valve
Replacement or Surgical Aortic Valve Replacement in a Real World Population: Final Resultsrvfrom the OBSERVANT
Study. Circ Cardiovasc Interv 2019;12:1-9.

| ap anbiydeiboljqig

For peer review only - http://bmjopenz.bmj.com/site/about/guidelines.xhtmI

Page 28 of 35


http://bmjopen.bmj.com/

Page 29 of 35

oNOYTULT D WN =

21

22

23

24

25

26

27

28

29

30

BMJ Open

aI stenosis. J Am Heart

980-020z-uadolwa/g

Sabbagh A El, Nishimura RA. Clinical conundrum of coronary artery disease and aortic
Assoc 2017;6:1-3.

Leon MB, Smith CR, Mack MJ, et al. Transcatheter or Surgical Aortic-Valve Replacé?m
Patients. N Engl J Med 2016;374:1609-20.

Sankaramangalam K, Banerjee K, Kandregula K, et al. Impact of coronary artery dise

O
(1]
<
(@]
o
©
<
=
«Q
\V
=]
[¢]
c

—
o
o
>
-
Qo

in Intermediate-Risk

0120 83 uo 16t

sug

%

on 30-day and 1-year

jejap sasn Jo

ub
0¢

mortality in patients undergoing transcatheter Aortic valve replacement: A meta-analysis. J#&™Heart Assoc 2017;6:1—
11.

Goldsweig AM, Tak HJ, Chen LW, et al. Relative Costs of Surgical and Transcatheter Aorti
Medical Therapy. Circ Cardiovasc Interv 2020;13:1-9.

Tripathi A, Flaherty MP, Abbott JD, et al. Comparison of Causes and Associated Costs
Transcatheter Implantation Versus Surgical Aortic Valve Replacement in the United State
Database Study). Am J Cardiol 2018;122:431-9.

O'Neill A. Life expectancy (from birth) in the United Kingdom from 1?65% to 2020. Statista.
2020.https://lwww.statista.com/statistics/1040159/life-expectancy-united-kingdom-all- tlmeb(a&essed 7 Aug 2020).

alve Replacement and

uEk1xa] 0}

O

-Day Readmission of

(sFav) inau@dng jus
1y WoJ) papeqjumoq

dofway/®h

& National Readmission

—

ell | &IUI&I elep p

Foroutan F, Guyatt GH, O’Brien K, et al. Prognosis after surgical replacement with a bgopﬁosthetlc aortic valve in
patients with severe symptomatic aortic stenosis: Systematic review of observational stucﬂesuBMJ 2016;354:1-9.
McClure RS, Narayanasamy N, Wiegerinck E, et al. Late Outcomes for Aortic Valve Replac%ment With the Carpentier-
Edwards Pericardial Bioprosthesis: Up to 17-Year Follow-Up in 1,000 Patients. Ann Thor@: Scyrg 2010;89:1410-6.
Sendergaard L, Ihlemann N, Capodanno D, et al. Durability of Transcatheter and Surgical%iogrosthetic Aortic Valves
in Patients at Lower Surgical Risk. J Am Coll Cardiol 2019;73:546-53.

Bagur R, Pibarot P, Otto CM. Importance of the valve durability-liEdwarefe expectancy ratio in
aortic valve. Heart 2017;103:1756-9.

election of a prosthetic

| @p anbiydeiboljqig@ouaby 1

For peer review only - http://bmjopenz.bmj.com/site/about/guidelines.xhtmI


http://bmjopen.bmj.com/

oNOYTULT D WN =

31

32

33

34

35

36

37

38

Cozijnsen L, van der Zaag-Loonen HJ, Cozijnsen MA, et al. Differences at surgery betwkeer patients with bicuspid
and tricuspid aortic valves. Netherlands Hear J 2019;27:93-9.

Wallen T, Habertheuer A, Bavaria JE, et al. Elective Aortic Root Replacement in North Am
Cardiac Surgery Database. Ann Thorac Surg 2019;107:1307-12.

Baumgartner H, Falk V, Bax J et al. 2017 ESC / EACTS Guidelines for the manageme
The Task Force for the Management of Valvular Heart Disease of the European Somety

the European. Eur Heart J 2017;38:2739-86.

Analysis of STS Adult

BMJ Open g g
g 3
3 3
S
e 3
Dasi L, Hatoum H, Kheradvar A, et al. On The Mechanics of Transcatheter Aortic Valve Igep%cement Lakshmi. Ann
O N
Biomed Eng 2017;45:310-31. g E
Foroutan F, Guyatt GH, Otto CM, et al. Structural valve deterioration after transcathetéi a@ﬂc valve implantation.
Heart 2017;103:1899-905. é mg
@D > S
Chiang YP, Chikwe J, Moskowitz AJ, et al. Survival and long-term outcomes following bg;é)ﬁl\i))sthetic vs mechanical
aortic valve replacement in patients aged 50 to 69 years. JAMA - J Am Med Assoc 2014; m13 51323 9.
-~ D
Puskas JD, Gerdisch M, Nichols D, et al. Anticoagulation and Antiplatelet Strategies Aﬁ%rs;én X Mechanical Aortic
Valve Replacement. J Am Coll Cardiol 2018;71:2717-26. ggg
Huckaby L V., Sultan |, Gleason TG, et al. Outcomes of tissue versus mechanical g%%
=3
aortic Valve Replacement Reduces Long-Term Survival. Ann Thorac E,gg
ERUES
i}
3
ica:
g

valvular heart disease
ardiology ( ESC ) and

u& pue ‘5LEB,I!E.II V"
= o
| @p anbiydeiboiiqig aouaby 1e Gzoz ‘0T aun[(go /moo'

el

‘saibojouyoa

For peer review only - http://bmjopenz.bmj.com/site/about/guidelines.xhtmI

Page 30 of 35


http://bmjopen.bmj.com/

g o
Page 31 of 35 BMJ Open 8 3
<3
3 3
1 2 N
2 é 0
3 Table 1. Multivariable modelling of post-operative outcomes using pre-operative and operative factors & g
4 3 X
5 Predictor missing Category Hospital mortality Return to theatre for New stroke g =  Post-operative length
6 bleeding S of stay (days)
7 Odds ratio  P-value Odds ratio  P-value Odds ratio  P-vdfue v Odds ratio P-value
8 Age (years) 7.9% per unit increase 1.03 <0.001 1.01 0.006 1.02 0.00€ 8 1.00 <0.001
(1.02-1.04) (1.00-1.01) (1.01-1.03) c S (1.00-1.00)
9 Gender 10.3% Female - - - oS -
10 Male 0.63 <0.001 1.18 0.026 1.02 0897 @ 2 094 <0.001
11 (0.51-0.77) (1.02-1.36) (0.80-1.29) >SN (0.93-0.96)
12 LVEF 3.1% Good (>50%) - - - TN -
13 sSo
14 Moderate 1.48 0.001 1.08 0.38 1.13 0.38 (’D'g 1.08 <0.001
15 (30-50%) (1.18-1.85) (0.91-1.27) (0.86-1.48) xE g (1.06-1.10)
)
16 Poor (<30%) 1.90 <0.001 1.10 0.53 0.78 0403 c_‘u;% 1.07 0.001
17 (1.36-2.69) (0.82-1.48) (0.44-1.38) 2592 (103-1.11)
18 EuroSCORE 12.1% per unit increase 1.02 <0.001 1.01 0.16 1.00 030 >3 1.01 <0.001
19 Logistic (1.02-1.03) (1.00-1.01) (0.99-1.02) 323 (1.01-1.01)
20 Operative 0.02% 1. Elective - - - 28z -
21 Urgency 2. Urgent 1.63 <0.001 1.26 0.002 1.08 0.55¢@ - 'Z 1.18 <0.001
22 (1.30-2.00) (1.08-2.00) (0.83-1.41) > % (1.16-1.20)
23 3. Emergency 6.87 <0.001 2.22 <0.001 7.65 <0.0&4 3 1.78 <0.001
(4.70-10.16) (1.51-3.26) (5.00-11.70) 5 3 (1.67-1.90)
24 4. Salvage 11.79 <0.001 1.51 0.41 4.38 0.00& S 1.25 0.006
25 (5.73-24.27) (0.56-4.02) (1.47-13.1) = T (1.07-1.46)
26 Cumulative  2.4% per unit increase  1.02 <0.001 1.00 <0.001 1.00 <0.0& = 1.00 <0.001
27 Bypass (1.01-1.02) (1.00-1.01) (1.00-1.01) % © (1.00-1.00)
28 Time (mins) 3 3
29 Cumulative 2.5% per unit increase 0.99 <0.001 1.00 0.23 1.00 0.38% S 1.00 0.78
30 Cross (0.99-0.99) (1.00-1.00) (0.99-1.00) - & (1.00-1.00)
Clamp Time 8 5
31 (mins) 3 2
32 CABG 0% No - - - S o -
33 Yes 1.15 0.20 1.07 0.33 1.12 037@ ¥ 1.03 <0.001
34 (0.93-1.42) (0.93-1.24) (0.88-1.42) & & (1.00-1.05)
35 LVEF; left ventricular ejection fraction, CABG; coronary artery bypass graft surgery TR
36 &
37 $
38 &
39 =
40 g'
41 o
42 =
43 2
44 2
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Tables 2. Mortality (%) for different categories of age and EuroSCORE
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Euroscore N (%) SAVR+CABG SAVR
(Mortality %) (Mortality %)

<3% 15619 (50.0) 2.0 1.3
3-6% 5020 (16.1) 0.9 1.0
>6% 6846 (21.9) 44 3.9

Age (years) SAVR+CABG SAVR
<60 2.2 2.0
60-75 1.8 1.5
>75 3.1 2.2
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g 5
< ©
3 3
1 2 8
2 ‘_g 0
3 Table 3. Baseline characteristics in the current study (UK SAVR) and those in other national registries and recent trials compafing 8AVR with TAVI
4 > 2
5
6
7
8

9
10 | Age (meanzSD) 70.1£11.5 67.6+13.4 81.746.7 81.546.7 73.616.1 73.3%5.8 73.625.9 2 474, 83.216.4 83.11£7.1
Do
1; % Male 59 58 51.1 54.8 54.2 711 67.5 66.2 % 2 §64 52.4 53.1 53.8
13 BMI (kg/m?) 28.915.5 29.3+6.6 NR 28.316.2 28.616.2 30.3t5.1  30.7#5.5 NR §§ EUNR NR NR NR
14 | NYHA class II/IV (%) 44 4 38.4 15.9 76.3 77.3 23.8 31.2 28.4 § n ?5.1 86.9 85.7 45.5
c
12 Logistic EuroSCORE (%) 4.3+7.3 NR NR NR NR 1.5£0.9*  1.5%£1.2* NR %"8 SNR 18.6+13.0 17.7x13. 89%55
a =.o
17 %g @ 1
18 | Diabetes Mellitus (%) 22.2 255 NR 34.2 37.7 30.2 31.2 305 SBBP14 45.4 34.9 20.7
e B 09 e}
;g Chronic Kidney Disease 3.1 NR NR 5.2 5.0 0.2 0.2 0.1 gg 204 12.8 12.2 0.7
S0 2%
22 | Hypertension (%) 64.9 NR NR NR NR NR NR 826 = 3p4.8 96.1 95.1 76.3
23 Peripheral vascular 8.7 9.2 NR 32.9 27.9 7.3 6.9 75 £ 383 41.7 411 6.7
24 S @
55 | disease (%) 3 5_
26 2 =
27 Previous stroke (%) 8.2 12.6 0.13 31 32.1 51 3.4 10.2 3 §11.8 14.0 12.6 16.3
28 | COPD (%) 13.4 NR 13.6 30.0 31.8 6.2 51 15.0 2 o18.0 9.0 13.3 11.9
Q) 3
29 LV ejection fraction (%) 53.2 549+129 NR 55.3+11.9 56.2+10. 66.2+8.6 65.74#9.0 619+77- 617+ NR NR NR
30 T £
31 8 S @79
> =
32 Coronary artery disease 371 NR NR 66.5 69.2 28.0 27.7 NR % ENR 75.9 75.4 NR
33 (%) a 3
34 g &
35 | Atrial fibrillation 10.3 NR 5.6 35.2 31.0 18.8 15.7 14.5 2154 45.9 40.9 25.6
36 | Permanent pacemaker 1.9 12.0 11.7 2.9 24 3.8 %3.2 21.3 23.3 4.4
:; SAVR,; surgical aortic valve replacement, TAVI; transcatheter aortic valve implantation, BMI; body mass index, NYHA; New York He%rt Association classification,
39 COPD; chronic obstructive pulmonary disease, NR; not reported %’.
40 *EuroSCORE |l reported only §
41 g
42 =
43 2
44 3 >
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Table 4. Operative characteristics in the current study (UK AVR) and those in other national registries and recent trial
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NR; not reported

Operative urgency % 28
o 1 1Y
Elective (%) 743 NR NR NR NR NR NR NR g?:NB NR NR NR NR
Urgent (%) 24 NR NR NR NR NR NR NR § ;d;lg NR NR NR NR
Emergency/Salvage 1.7 NR NR NR NR NR NR NR 9;; ?_i;slg NR NR NR NR
—_0
(%) 228
Q -~
Concomitant CABG (%) 37.1 NR NR NR - 12.8 - 13.6 E’Uﬁua 4.8 - 1 -
S ™3
Staged PCI - NR NR - NR - 6.5 - 5:@.2 - 0.3% 0
Cross clamp time (minutes) 79.0 77.0+28.5 NR NR - 74.3 + - 68.7+ «- = 74.0 + - NR NR
27.78 200 Z 5 31.4
Cardiopulmonary bypass time 104 104.9 £ 39.1 NR NR - 97.7 £ - 93.4 + g- ?: 104.0+ - NR NR
(minutes) 33.75 02 3 3 45.8
Procedure time (minutes) NR NR NR NR NR 208.3 £ 58.6 + 2766 2482+ 221+ 604+ 1772+ 903+
o
62.1 36.5 +795 05 84.8 35.3 39.8 38.6
3
SAVR,; surgical aortic valve replacement, TAVI; transcatheter aortic valve implantation, CABG; coronary artery bypass graft surgery 5
@
(]
s
o
<)
«Q
2.
2
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Q o
4 ?_, 5
5 g- =
6 5 S
7 SR
8 Table 5. Outcomes following SAVR in the current study (UK AVR) and those in other national registries and recent trials compaﬁng QAVR with TAVI
c
9
10
11
12
13
1‘5" In-hospital death/30-day 1.9 25 NR 8.0 6.1 3.3 1.0 132905 45 3.3 3.7 2.1
5 =
16 mortality (%) 2o §
oz
17 Stroke (%) 1.1 NR 1.6 6.1 5.5 24 0.6 3.4 E;S B4 6.2 49 3.0 1.4
12 Reoperation for bleeding (%) 3.6 3.9 3 NR NR NR NR NR “3—; 5 _g:\lR NR NR NR NR
20 | Postprocedure bleeding (%) - NR 43.4 10.4 11.9 1.2 7.5 §Z£E' 24 69.5 41.7 11.3 20.9
: ~—+
21 Deep sternal wound 0.14 0.3 1.1 NR - NR - NR €~ i- NR - NR -
> O
;g infection (%) Z 3
o O
24 Length of hospital stay 7 7972 NR NR - 7.0 3.0 NR %: E\IR NR NR 8.9+6.2 12.9 1
>
25 (days) Q 'S- 11.6
26 New pacemaker 1.6 NR NR 6.9 8. 4.0 6.5 6.1 g_ 7.4 71 19.8 1.6 34.1
27 o
28 implantation (%) % 3
29  SAVR; surgical aortic valve replacement, TAVI; transcatheter aortic valve implantation, CABG; coronary artery bypass graft surgery ;7 5
[
30 NR; not reported T S
31 > O
32 s 5
33 S B
34 8 &
35 i
36 Q
37 g
38 g
39 >
40 g
41 o
42 E
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item
No

Recommendation

Page
No

Title and abstract 1

(a) Indicate the study’s design with a commonly used term in the title or
the abstract

2

(b) Provide in the abstract an informative and balanced summary of what

was done and what was found

Introduction

Background/rationale 2

Explain the scientific background and rationale for the investigation being

reported

Objectives 3

State specific objectives, including any prespecified hypotheses

Methods

Study design 4

Present key elements of study design early in the paper

4-6

Setting

Describe the setting, locations, and relevant dates, including periods of

recruitment, exposure, follow-up, and data collection

4-6

Participants 6

(a) Cohort study—Give the eligibility criteria, and the sources and
methods of selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and
methods of case ascertainment and control selection. Give the rationale
for the choice of cases and controls

Cross-sectional study—Give the eligibility criteria, and the sources and

methods of selection of participants

4-6

(b) Cohort study—For matched studies, give matching criteria and
number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the

number of controls per case

Variables 7

Clearly define all outcomes, exposures, predictors, potential confounders,

and effect modifiers. Give diagnostic criteria, if applicable

4-6

Data sources/ 8*

measurement

For each variable of interest, give sources of data and details of methods
of assessment (measurement). Describe comparability of assessment

methods if there is more than one group

4-6

Bias 9

Describe any efforts to address potential sources of bias

Study size 10

Explain how the study size was arrived at

Quantitative variables 11

Explain how quantitative variables were handled in the analyses. If

applicable, describe which groupings were chosen and why

Statistical methods 12

Continued on next page

(a) Describe all statistical methods, including those used to control for

confounding

(b) Describe any methods used to examine subgroups and interactions

(c) Explain how missing data were addressed

(d) Cohort study—If applicable, explain how loss to follow-up was
addressed

Case-control study—If applicable, explain how matching of cases and
controls was addressed

Cross-sectional study—If applicable, describe analytical methods taking

account of sampling strategy

(e) Describe any sensitivity analyses
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Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially 7
eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed
(b) Give reasons for non-participation at each stage 7
(c) Consider use of a flow diagram
Descriptive 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and 7
data information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest 7-8
(c) Cohort study—Summarise follow-up time (eg, average and total amount) 7
Outcome data 15*%  Cohort study—Report numbers of outcome events or summary measures over time | 7-8
Case-control study—Report numbers in each exposure category, or summary
measures of exposure
Cross-sectional study—Report numbers of outcome events or summary measures
Main results 16  (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and | 7-8
their precision (eg, 95% confidence interval). Make clear which confounders were
adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized 7-8
(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period
Other analyses 17  Report other analyses done—eg analyses of subgroups and interactions, and 8-9
sensitivity analyses
Discussion
Key results 18  Summarise key results with reference to study objectives 9
Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or 10
imprecision. Discuss both direction and magnitude of any potential bias
Interpretation 20  Give a cautious overall interpretation of results considering objectives, limitations, | 9-15
multiplicity of analyses, results from similar studies, and other relevant evidence
Generalisability 21  Discuss the generalisability (external validity) of the study results 9
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if NA

applicable, for the original study on which the present article is based

*@Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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ABSTRACT

Objectives - To date the reported outcomes of surgical aortic valve replacement
(SAVR) are mainly in the settings of trials comparing it with evolving transcatheter aortic
valve implantation (TAVI). We set out to examine characteristics and outcomes in
people who underwent SAVR reflecting a national cohort and therefore ‘real world’

practice.

Design - Retrospective analysis of prospectively collected data of consecutive people
who underwent SAVR with or without coronary artery bypass graft (CABG) surgery
between April 2013 and March 2018 in the UK. This included elective, urgent and
emergency operations. Participants’ demographics, pre-operative risk factors, operative
data, in-hospital mortality, post-operative complications and effect of the addition of
CABG to SAVR were analysed.

Setting - 27 (90%) tertiary cardiac surgical centres in the UK submitted their data for

analysis.

Participants - 31,277 people with AVR were identified. 19,670 (62.9%) had only SAVR
and 11,607 (37.1%) had AVR+CABG.

Results — In-hospital mortality for isolated SAVR was 1.9% (95% CI: 1.6-2.1%) and was
2.4% for AVR+CABG. Mortality by age category for SAVR only were: <60 years=2.0%,
60-75 years=1.5%, >75 years=2.2%. For SAVR+CABG these were; 2.2%, 1.8% and
3.1%. For different categories of EuroSCORE, mortality for SAVR in low risk people was
1.3%, in intermediate risk 1% and for high risk 3.9%. 74.3% of the operations were
elective, 24% urgent and 1.7% emergency/salvage. The incidences of re-sternotomy for
bleeding and stroke were 3.9% and 1.1% respectively. Multivariable analyses provided
no evidence that concomitant CABG influenced outcome. However, urgency of the
operation, poor ventricular function, higher EuroSCORE and longer cross clamp and

cardiopulmonary bypass times adversely affected outcomes.
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BACKGROUND

Aortic valve disease, especially aortic stenosis affects 5% of the population and 3.9% of
those between the ages of 70 and 79 and nearly 10% of those above the age of 80."
Severe aortic stenosis when untreated has a risk of death of 50% at 2 years.?
Conventionally the gold standard of treatment has been surgical aortic valve
replacement (SAVR). However, the role of transcatheter aortic valve implantation (TAVI)
has evolved in recent years. TAVI was first introduced in 2002, initially being performed
in high risk inoperable patients.® The original Placement of Aortic Transcatheter Valves
(PARTNER) trial demonstrated a significant reduction in mortality, repeat hospitalisation
and cardiac symptoms compared to inoperable patients who had only medical therapy.*
The original PIVOTAL study also demonstrated significantly higher survival at one year
in high risk patients who underwent SAVR.5

The role of TAVI is being extended to lower risk and younger patients based on
recent trials comparing SAVR with TAVI.87 Several studies suggest there has been a
change in demographics and types of surgical valves used since the advent of TAV|.8-10
There has been a trend of increased use of tissue valves and a decrease in the use of
mechanical valves in recent years.' This may be due to the evolution of TAVI practice
whereby younger patients can have a tissue valve with the view that they have a TAVI
valve in the future when the tissue valve has deteriorated, so called valve-in-valve.12.13

The series in the literature reporting outcomes of SAVR are generally unit
based.®'* Also, people with aortic valve disease are given information about the
outcomes of SAVR which may be out of date and incorrectly extrapolated from smaller
studies. There is a lack of contemporary national data to assess the outcomes of SAVR
(mortality and complications), and to demonstrate the trend in use of prosthetic valves
which would inform people with aortic valve disease better. There are some perceived
complications of surgery that may be understood by referring general practitioners and
cardiologists to be prohibitive risks for surgery.

In order to inform practitioners, people with aortic valve disease and the cardiac
surgical community, we set out to examine the results of contemporaneous SAVR in a

multi-centre study of UK cardiac surgical units, in the era of TAVI. In addition, we
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=
2 g
2 summarise and interpret some of the more recent trials on the management of aortic %
5 valve disease. =
;
: METHODS 2
?0 Data 3 %
11 S kB
12 This is an analysis of prospectively collected data of people who underwent SAVR +/- % §
12 coronary artery bypass graft (CABG) surgery between April 2013 and March 2018 in the E é
12 UK and Republic of Ireland. Anonymised data were submitted to the Society for é i
17 Cardiothoracic Surgery of Great Britain & Ireland (SCTS) for 27 of the 30 units and then e 3
13 stored in a secure database. This period was chosen to reflect fairly contemporary é §
;? practice and also the data is submitted in March every year. The data is collected by % §
;g each unit, validated and then submitted to the National Institute of Cardiovascular ? g
24 Outcome Research (NICOR). It took approximately nine months to collect, validate and o é”g
;Z clean all the data. The outcome measures recorded are based on strict definitions g%;
;; provided by NICOR to provide uniformity. g% S
;g Only participants who had had first time surgery, SAVR +/- CABG were included. ggé
31 All participants immaterial of their risk for surgery, people of all age groups and risk %%%
§§ factors were included. Those who required other concomitant procedures like %é%
2‘5‘ replacement of parts of the aorta, aortic root enlargement, other valve procedures and g@g
36 redo surgery were excluded. i' ;
23 Pre-operative risk factors and operative features § %
j; Baseline demographic data; significant past medical history such as diabetes, renal gé Tz
43 dysfunction, hypertension or stroke; predominant aortic valve pathology (stenosis or é g
2‘5‘ regurgitation or mixed valve disease) and preoperative left ventricular ejection fraction f{i g
j? (LVEF) were collected. EuroSCORE is the risk stratification model used in the UK. g %
jg Logistic EuroSCORE was collected as well as EuroSCORE |l where available. The g §
50 latter was only used since 2017 and therefore not available for all participants. Logistic ' i
g; EuroSCORE was divided into three categories: <3%, 3-6%, >6%. E
gi LVEF was divided into three categories: good (EF>50%), moderate (EF 30-50%) %
55 and poor (EF<30%). Transient ischaemic attack was defined as any neurological S
58 2
Zg For peer review only - http://bmjopez.bmj.com/site/about/guidelines.xhtmI %


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

symptoms lasting <24 hours. Stroke was defined as new neurological dysfunction
persisting >24 hours. Operative data including operative urgency: elective, urgent and
emergency/salvage were recorded. Elective was defined as when the person was
admitted from home, urgent meaning that the person was admitted with an urgent
condition and required surgery during the same hospital admission, emergency and
salvage meaning that surgery was required within 24 hours of admission and/or the
person was in extremis. Other parameters including cardiopulmonary bypass (CPB)
time, cross clamp (CCT) time, type of valve implanted as well as concomitant CABG

surgery performed were also collected.

Postoperative outcomes
Postoperative complication data were collected with the main focus being in-hospital
mortality, new stroke, return to theatre for bleeding, deep sternal wound infection and

duration of postoperative hospital stay.

Statistical analysis

Once the records for all participants were collated and the data cleaned, each factor
was summarised using descriptive methods. Categorical variables are presented as N
(%) and continuous variables are presented as median (IQR). New strokes were
recoded to be either no stroke or any cerebrovascular accident (transient or
permanent). The natural log of post-operative length of stay (days) was used due to
positive skewed distribution of this variable. Univariate models were used, logistic
regression for binary outcomes and linear regression for continuous outcomes, to
assess the impact of the key explanatory variables. In these models, a two-tailed p-
value of <0.05 was considered significant. The population analysed included all the
participants with data collected, with results checked in the subset who had SAVR only
(without CABG). Building on this, a multivariable model with all key variables in the
model to assess which had the most impact on each of the outcomes was created.
Stata/MP 15.1 (StataCorp LLC, Texas, USA) was used for all analyses. Multiple
imputation of missing data was not performed. The missingness was mostly negligible.

There was no missing mortality and the data is shown in table 2.
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g
1 0
; g
z Patient and public involvement =
5 Patients and public were involved in the original design of the database. é
6 S
7 7
: Ethics y
1(1) This data is ordinarily submitted to National Institute of Cardiovascular Outcome 2 é
12 Research (NICOR) for which local and national Caldicott guardian approvals have been g g
13 g g
14 obtained. @ The data are validated by the surgical teams and their database g 2
12 managers/audit officers. For the current study a further approval from the Caldicott § 3
< N
17 Guardian was obtained. g §
18 - R
19 2 g
2 RESULTS 5 o
22 SR
23 c 8
24 Descriptive analysis )
25 e
26 In total 31,277 patients were included. Of these, 19,670 (62.9%) had only SAVR and gfgb'g
TON
i 11,607 (37.1%) had SAVR+CABG. There were 14.4% below the age of 60, 46.9% 23
o>
;g between 60 to 75 and 36.7% older than 75 years with 7.9% missing age data. There Qg)é
31 were 1.9 times more males than females (10.3% missing). %%%
32 . . . oga
33 Regarding pre-operative risk factors, 75.2% had good LVEF, 17.3% had g«gg
2‘5‘ moderate and 4.3% had poor LVEF. 74.3% of the operations were elective, 24% were 2{;2
36 urgent and 1.7% were emergency or salvage operations. i' ;
37 >
38 Logistic EuroSCORE had a median of 1.83 with an IQR of 0.06-6.0. In total, 50% S é
zg of patients were classified as low risk (<3%), 16% as medium risk (3—6%) and 22% 3 %
» 3
j; high risk (>6%). 3,792 patients (12.1%) were missing data. The median EuroSCORE || 5 B
43 was 1.95 (IQR 0.67-4.8) albeit with 56.5% with missing data, as this was introduced into é: g
44 5 3>
45 the database in 2017. The median CPB time was 104 minutes (IQR 82-135) and CCT f{i s
46 . S 3
47 was 79 minutes (IQR 61-101). é 5
jg For valve implant replacement type, 70% had a tissue valve, 12.2% a mechanical <. §
n (6]
50 valve and 0.2% had homograft or autograft valves. For 17.3% the entry for valve type ' i
g; was unclear. The ratio of mechanical implant to bioprosthetic implant use has remained E
>3 stable over time. i
54 =
55 g
56 o
57 ES
58 S
59 9 a
60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml )


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Overall mortality was 2.4% (95% CI: 2.2-2.6%) and mortality for isolated SAVR
for all participants was 1.9% (1.6-2.1%). The mortality figures analysed for different age
ranges and for categories of EuroSCORE are shown in Table 1.

Overall, 3.9% (3.6% in SAVR only) of participants had re-sternotomy for post-
operative bleeding or tamponade, 0.04% (0.06% in SAVR only) had re-operation for
valvular problems (significant paravalvular leak and early endocarditis), 0.7% (0.6%
SAVR only) had re-operation for other cardiac problems, 0.2% (0.15% for SAVR only)
had rewiring of sternum for sterile wounds and 0.14% (0.06% for SAVR only) had re-
wiring of sternum for infection. Transient ischaemic attack occurred in only 0.6% and
1.1% had a stroke (no missing data).

Median post-operative length of stay was 7 days (IQR: 6-11) in those with SAVR
only and 8 days (IQR: 6-12) in all patients.

The number of bypass grafts was not analysed due to concerns about
inconsistent reporting of data describing the number of grafts.

When comparing the two subsets of patients, the characteristics of those with
SAVR alone were broadly similar to those with SAVR+CABG. In SAVR alone there
were more people aged <60 years (19.3% vs 6.2%), but less people were older than 75
(30.1% vs 43%). A higher proportion of those with SAVR+CABG were male (68% vs.
54%). Bypass time was an average of 37 minutes shorter and CCT 27 minutes in the
SAVR alone group. Amongst those with only SAVR the mechanical valve usage was

greater, at 16% vs 7%.

Regression analysis

Univariable

Taken in isolation, all pre-operative risk factors were associated with an increased odds
of death, as was addition of CABG. The same pattern was observed when analysing the
need for re-operation or surgery, with all explanatory variables indicative of a worse
outcome without taking into account any others. For new stroke only age, EuroSCORE,
operative urgency, ejection fraction, and cumulative bypass and cross clamp times
affected a negative outcome (but not gender), as did CABG. All factors predicted a

longer postoperative length of stay, including CABG.
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g

1 @)
; g
z As a sensitivity analysis, age categories were also assessed. When included as 5
5 a continuous variable, age was significant both on its own and in all the multivariable é
6 =2
7 models. All participants were categorised into <60, 60-75 and >75 years of age. Those )
g 60-75 were at a lower odds of death in comparison to those <60 (OR 0.71, 95% CI 0.53- ;
1(1) 0.95, P=0.021) with no difference in those >75 (OR 1.09, 95% CI 0.82-1.45) in the AVR 2 é
12 alone group. These findings were different in the SAVR+CABG group, with no g g
13 g g
14 significant difference in those 60-75 (OR 0.81, 95% CI 0.64-1.03) but an increased risk g %
}2 in those >75 (OR 1.09, 95% CI 1.12-1.76, P=0.004). s 3
< N

17 & B
18 R
19 Multivariable Analyses 3 2
20 c r
21 Analysis of postoperative outcomes using multivariable models including all pre- E =
;g operative and operative factors are shown in Table 2. This demonstrated that age (OR S) g
;‘5‘ 1.03 (95% CI 1.02-1.04), P<0.001), moderate ejection fraction (OR 1.48 (95% CI 1.18- ‘éé”é’
26 1.85), P<0.001), poor ejection fraction (OR 1.90 (95% CI 1.36-2.69), P<0.001), logistic %‘%g
T 2R

;; EuroSCORE (OR 1.02 (95% CI 1.02-1.03), P<0.001), urgent operation (OR 1.63 (95% gg o
-0

;g Cl 1.30-2.00, P<0.001), emergency surgery (OR 6.87 (95% CI 4.70-10.16), P<0.001) ggg
To

31 and longer CPB times affected mortality (OR 1.02 (95% CI 1.01-1.02), P<0.001). §g§
32 atao
33 When all other variables were taken into account CABG was not significantly 83
333

gg associated with an increase in the risk of death (OR 1.15 (95% CI 0.93-1.42), P=0.20). 5@3
g? Older age, (OR 1.01 (95% CI 1.00-1.01), p<0.006), longer CPB time (OR 1.00 i' ;
= 3

38 (95% CI 1.00-1.01), P<0.001), urgent (OR 1.26 (95% CI 1.08-2.00), P<0.002) and s S
39 =R
40 emergency surgery (OR 2.22 (95% CI 1.51-3.26), P<0.001) were significant factors in @ §
j; identifying people requiring return to theatre for bleeding. Again, CABG did not affect g?; 78
43 the odds of returning to theatre (OR 1.07 (95% CI1 0.93-1.24), P=0.33). 3 §
44 3 3
45 Factors affecting stroke were age, (OR 1.02 (95% CI 1.01-1.03), P<0.001), g ‘g‘
j? emergency (OR 7.65 (95% CI 5.00-11.70, P<0.001) or salvage surgery (OR 4.38 (95% § %
jg Cl 1.47-13.1) P=0.008), and CPB times (OR 1.00 (95% CI 1.00-1.01), P<0.001). As in < §
50 the other outcomes, addition of CABG did not affect the outcome (OR 1.12 (95% CI ' °;i
51 Q
52 0.88-1.42), P=0.37). S
53 i
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Age, male gender, moderate and poor ejection fraction, operative urgency,
higher logistic EuroSCORE, and cumulative bypass time significantly all affected post-

operative length of stay.

DISCUSSION

This study reports contemporary results of SAVR and SAVR+CABG in the UK,
reflecting real world practice, reporting an overall mortality of 1.9% and 2.4%
respectively. We have shown a low mortality and complication rate for all comers
following surgery in people requiring SAVR or SAVR+CABG. The complications were
low with 3.9% re-sternotomy for bleeding, 0.04% re-operation for valvular problems and
1.1% stroke. Surprisingly, having accounted for other risk factors, addition of CABG did
not adversely affect the outcomes.

The strengths of the study include its large number of participants, no exclusion
of urgent and emergency/salvage cases, and inclusion of all risk participants. The
limitations are that three centres were unable to take part, possible coding errors in
using large databases, lack of detailed echocardiographic data on valve annular size
and presence or absence of pre-operative infective endocarditis which can adversely
affect outcomes. In addition, the results are in-hospital mortality and complications and
the database lack longer follow-up information.

Data from the current study are consistent with other large international studies.
Data from the US Society of Thoracic Surgeons (STS) database demonstrated in-
hospital mortality for isolated SAVR of 2.5% and incidence of stroke of 1.5%." A recent
analysis of the Japanese Cardiovascular Surgery database which assessed the
outcomes of patients undergoing SAVR over a 8 year period has demonstrated a similar
in-hospital mortality of 2%.'® They also demonstrated a reduction in mortality over time,
despite increasing surgical risk. The age of the patients in our study is lower than some
of the trials of SAVR and TAVI. This is probably due to the selection criteria in these
trials where older patients were selected.

We had set out to analyse the results of SAVR in the UK to inform practitioners
treating people with aortic valve disease and inform people with this condition in an era

where other therapies for management of aortic valve disease are evolving with
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2 g
z expanding indications. Although the current study did not examine people who received %
5 TAVI, we discuss the various trials of SAVR and TAVI reported in the context of the =
? literature and compare them with the results of the current study. %
g In Tables 3-5, the demographics, procedural details and outcomes of the current ;
1(1) study are compared with the respective sub-groups of the published trials. Table 5 é'? E
12 shows low mortality and complication rate in the participants of this study following % §
12 surgery in people who required SAVR or SAVR+CABG. The trials comparing AVR and E é
12 TAVI have enrolled and classified patients according to the risk of surgery, in particular é i
17 the more recent trials.®” The most commonly used surgical risk stratification score is the e 3
12 Society of Thoracic Surgery risk score (STS), although this scoring system has been é §
;? validated in the US population. We have used EuroSCORE and shown that mortality is % §
;g low in all categories of risk. ? g
24 There are several recent trials comparing SAVR with TAVI. A meta-analysis of ‘éé”g
52 six of these trials performed by Barili and colleagues reported that mortality was g%;
;; affected by the treatment modality with a time-varying effect: TAVI was related to better g% S
;g survival in the first months after implantation whereas, after 40 months, it was a risk ggé
g; factor for all-cause mortality.’” The NOTION trial, which compared outcomes of patients %%%
33 estimated to have low surgical risk who underwent either TAVI or SAVR demonstrated §§§
2‘5‘ similar early mortality results, with mortality of 2.1% in TAVI group vs 3.7% in the SAVR g@g
36 group, p=0.38."® The PIVOTAL trial of low risk patients also reported similar results i' ;
;7; between those who underwent TAVI compared to SAVR, with early mortality of 0.5% in 5:, é
ig TAVI group and 1.3% in SAVR.” In addition, the 5 year results of the PARTNER 2 § %
j; study, comparing TAVI vs SAVR in intermediate surgical risk demonstrated no gé Tz
43 significant difference in the incidence of death or stroke at 5 years following SAVR or é g
2‘5‘ TAVI."® The mortality in the intermediate EuroSCORE risk category of the current study f{i g
pie was 1.0% for SAVR only and 0.9% for SAVR+CABG. PARTNER 3 however g g
jg demonstrated significantly lower mortality in the TAVI group compared to SAVR (1% vs ‘:; §
50 2.5%, P=0.01) at one year.® An observational study of 7618 patients comparing SAVR ' i
g; with TAVI at 5 years showed however that in a real world population with low and E
gi intermediate risk, SAVR was associated with lower mortality and major adverse cardiac %
55 events, although this was with first generation TAVI devices.?0 S
58 2
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Role of co-existent coronary artery disease and its management

60% of patients with aortic valve disease undergoing SAVR and 65% of those
undergoing TAVI have coexisting coronary artery disease.?! In our series, 37% had co-
existent coronary artery disease and underwent concomitant CABG. The addition of
CABG did not adversely affect outcomes. The US' and Japanese'® series did not look
into concomitant CABG. The percentage of concomitant CABG in our series is higher
than the trials of SAVR/TAVI. This probably reflects the selection criteria in the latter. In
PARTNER 2, although both groups had a similar number with coexistent coronary
artery disease, 14.5% of the SAVR group had concomitant CABG compared to 3.9% of
the TAVI group who had percutaneous intervention (Table 4).22 SAVR may therefore be
the preferred treatment modality in those with aortic stenosis and multivessel coronary
artery disease requiring revascularisation.

Treatment of coronary artery disease in TAVI patients may require more than
one hospital admission and can often result in incomplete revascularisation and its
consequent increased morbidity and mortality. A meta-analysis by Sankaramangalam
and colleagues, demonstrated that whilst there was no increase in mortality in patients
with coronary artery disease who underwent TAVI at 30 days, there was a significant
increase in mortality at one year following TAVI in these patients.?® The economic costs
of readmission after TAVI have been demonstrated to be higher than in those who are
readmitted after surgery and so untreated coronary disease which later requires
readmission will have cost implications.?42% Surgery has the advantage of addressing all

the pathology with one operation.

Durability and choice of prosthetic valves
In choosing the technique of treatment for aortic valve disease, life expectancy of the
person and durability of the valve need to be considered. Ideally, the prosthetic valve
should be durable for the person’s lifetime. Both of these are related to person’s age. In
the UK a 50 year old female has a life expectancy of 34 years and a 70 year old male a
life expectancy of 14 years.26

The durability of bioprosthetic valves is well documented in the surgical literature

and is inversely proportional to person’s age. Structural valve deterioration (SVD) has
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2 g
z been demonstrated to increase exponentially beyond 10 years following surgery.27.28 %
5 Considering the UK life expectancy 26, a 70 year old male has a 5% risk of re-operation =
? and a 50 year old female has a 30% chance of needing a second operation. %
g Surgery has the advantage of offering the patient a mechanical or a bioprosthetic ;
1(1) valve. The option of a mechanical valve which is only available in surgical SAVR should é'? E
12 not be overlooked especially in younger people. In the current study, we have shown a % §
12 fairly consistent ratio of tissue to mechanical valve use. However, the reported literature E é
12 shows that the number of mechanical valve implantations has reduced in comparison to é i
17 bioprosthetic valves.'® Mechanical valves are durable, with one group reporting 6.9% e 3
12 reintervention rate at 15 years versus 12.1% in those who underwent surgery with a % %
;? bioprosthesis.?® For this reason, it has been the most commonly considered prosthesis § g
;g in those under the age of 60, as in our study where 60.2% of participants <60 years had ? g
24 a mechanical valve. Mechanical valves have the disadvantage of requiring ‘éé”g
;Z anticoagulation, although, newer generations require a lower level of anticoagulation. g%;
;; 30Whilst mechanical valves are more durable, this has to be balanced against the g%g
;g greater risk of bleeding. 2° At 15 years follow up, Chiang and colleagues also ggé
31 demonstrated no significant difference in survival and stroke between patients who %%%
gg underwent SAVR with mechanical vs bioprosthetic valve.?® Another group demonstrated %é%
2‘5‘ in the 50-70 year old cohort that survival at 5 years was higher in patients who had g@g
36 undergone SAVR with mechanical valve vs bioprosthesis and also demonstrated similar i' ;
;7; freedom from maijor bleeding events.3' 5 é
39 > 8
40 e g
j; Bicuspid aortic valve and aneurysm of the aorta 5 B
43 A significant number of patients requiring SAVR have bicuspid aortic valve, which has é g
2‘5‘ an incidence of 1-2% in the general population and may present with aortic valve f{i g
j? stenosis, regurgitation and ascending aortic aneurysm. The type of native aortic valve is g %
jg not recorded in the database of our study. BAV may be present in up to 30% of patients ‘:; §
50 undergoing SAVR.32 Bicuspid aortic valve anatomy, larger annular size, bulky and ' i
g; asymmetric leaflet calcification and dilated ascending aorta all pose technical E
gi challenges to TAVI which are not prohibitive risk factors for surgery. In fact, associated %
s
57 {’%’
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pathology of aneurysms of the aortic root and ascending aorta can be treated at the
time of SAVR with little additional risk.33

European guidelines recommend discussing people with aortic valve disease in a multi-
disciplinary setting referred to as Heart Team, comprising of a surgeon, a non-
interventional and an interventional cardiologist.®* This will allow the best treatment

option to be put forward to the person.

CONCLUSIONS

SAVR with and without CABG has low mortality risk and a low level of complications in
the UK in people of all ages and risk factors. Our study provides real world experience
of surgical results to improve understanding of the risks of surgery and decision making
in a multi-disciplinary team (MDT) setting with Heart Team. The results of this study can
be utilised by people with aortic valve disease, referring general practitioners,
physicians, surgeons and policy makers. Future studies need to address long term
follow-up including factors like quality of life which are currently not collected by the

specialist centres.
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Table 2. Multivariable modelling of post-operative outcomes using pre-operative and operative factors
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LVEF; left ventricular ejection fraction, CABG; coronary artery bypass graft surgery

o))
=i
3
=
©
D
=]
%
o
N
o
o
=
Y
Predictor missing Category Hospital mortality Return to theatre for New stroke = Post-operative length
bleeding g of stay (days)
Odds ratio  P-value Odds ratio  P-value Odds ratio  P-valé® 1, Odds ratio P-value
Age (years) 7.9% per unit increase 1.03 <0.001 1.01 0.006 1.02 0.001¢2 8 1.00 <0.001
(1.02-1.04) (1.00-1.01) (1.01-1.03) S =2 (1.00-1.00)
Gender 10.3% Female - - - oS -
Male 0.63 <0.001 1.18 0.026 1.02 0.89 39_2 0.94 <0.001
(0.51-0.77) (1.02-1.36) (0.80-1.29) >SN (0.93-0.96)
LVEF 3.1% Good (>50%) - - - cTEN -
-~ D o
Moderate 1.48 0.001 1.08 0.38 1.13 0.38 ;ig 1.08 <0.001
(30-50%) (1.18-1.85) (0.91-1.27) (0.86-1.48) X2 (1.06-1.10)
203
Poor (<30%) 1.90 <0.001 1.10 0.53 0.78 0.40 g—c_o'% 1.07 0.001
(1.36-2.69) (0.82-1.48) (0.44-1.38) 252 (1.03-1.11)
EuroSCORE 12.1% per unit increase 1.02 <0.001 1.01 0.16 1.00 030 85 1.01 <0.001
Logistic (1.02-1.03) (1.00-1.01) (0.99-1.02) 323 (1.01-1.01)
Operative 0.02% 1. Elective - - - 28z -
Urgency 2. Urgent 1.63 <0.001 1.26 0.002 1.08 055 @- 2 1.18 <0.001
(1.30-2.00) (1.08-2.00) (0.83-1.41) > T (1.16-1.20)
3. Emergency 6.87 <0.001 2.22 <0.001 7.65 <0.00%& %- 1.78 <0.001
(4.70-10.16) (1.51-3.26) (5.00-11.70) %- > (1.67-1.90)
4. Salvage 11.79 <0.001 1.51 0.41 4.38 0.0085 S 1.25 0.006
(5.73-24.27) (0.56-4.02) (1.47-13.1) S T (1.07-1.46)
Cumulative  2.4% per unit increase  1.02 <0.001 1.00 <0.001 1.00 <0.006 < 1.00 <0.001
Bypass (1.01-1.02) (1.00-1.01) (1.00-1.01) % © (1.00-1.00)
Time (mins) 3 3
Cumulative 2.5% per unit increase 0.99 <0.001 1.00 0.23 1.00 0.58 F S 1.00 0.78
Cross (0.99-0.99) (1.00-1.00) (0.99-1.00) - & (1.00-1.00)
Clamp Time 8 5
(mins) 5 2
CABG 0% No - - - g e
Yes 1.15 0.20 1.07 0.33 1.12 037 @ 3 1.03 <0.001
(0.93-1.42) (0.93-1.24) (0.88-1.42) 2 3 (1.00-1.05)
oo
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Table 3. Baseline characteristics in the current study (UK SAVR) and those in other national registries and recent trials compariig SﬁVR with TAVI
= (e}

Age (meanzSD) 70.1£11.5 67.6+13.4 81.746.7 81.5¢6.7 73.616.1 73.3%5.8 736259 #0158  83.216.4 83.117.1
Do
% Male 59 58 51.1 54.8 54.2 711 67.5 66.2 % 2 @4 52.4 53.1 53.8
BMI (kg/mZ2) 28.9+5.5 29.3+6.6 NR 28.3+6.2 28.6+6.2 30.3t5.1  30.7#5.5 NR §§ HR NR NR NR
NYHA class I/IV (%) 44 4 38.4 15.9 76.3 77.3 23.8 31.2 28.4 § 6561 86.9 85.7 455
c
Logistic EuroSCORE (%) 4.3+7.3 NR NR NR NR 1.5+0.9* 1.5+1.2% NR §8 qR 18.6+13.0 17.7+13. 8955
S 1
ogs
Diabetes Mellitus (%) 22.2 25.5 NR 34.2 37.7 30.2 31.2 30.5 5334 454 34.9 20.7
e B 09 e}
Chronic Kidney Disease 3.1 NR NR 5.2 5.0 0.2 0.2 0.1 gg 04 12.8 12.2 0.7
(%) 3¢
Hypertension (%) 64.9 NR NR NR NR NR NR 826 = &4.8 96.1 95.1 76.3
Peripheral vascular 8.7 9.2 NR 32.9 27.9 7.3 6.9 7.5 g. 83 41.7 411 6.7
3. @
disease (%) 3 =
s 3
Previous stroke (%) 8.2 12.6 0.13 31 32.1 5.1 3.4 10.2 3 §1 .8 14.0 12.6 16.3
COPD (%) 13.4 NR 13.6 30.0 31.8 6.2 5.1 15.0 2 B0 9.0 13.3 11.9
Q) 3
LV ejection fraction (%) 53.2 54.9+12.9 NR 55.3+11.9 56.2#10. 66.2+8.6 65.749.0 619+77 64C-.7 + NR NR NR
)
8 S 39
> =
Coronary artery disease 371 NR NR 66.5 69.2 28.0 27.7 NR % NR 75.9 75.4 NR
a 8
%) 7 B
Atrial fibrillation 10.3 NR 5.6 35.2 31.0 18.8 15.7 14.5 T 54 45.9 40.9 25.6
Permanent pacemaker 1.9 12.0 1.7 29 24 3.8 <§.2 21.3 23.3 44
SAVR,; surgical aortic valve replacement, TAVI; transcatheter aortic valve implantation, BMI; body mass index, NYHA; New York He%rt Association classification,
COPD; chronic obstructive pulmonary disease, NR; not reported %’.
*EuroSCORE |l reported only §
)
©
>
E
5 ®
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4 Table 4. Operative characteristics in the current study (UK AVR) and those in other national registries and recent trialgcoﬂparing SAVR with TAVI
6
7
8
9
1
11 Operative urgency % 29
o 1 1Y
13 Elective (%) 74.3 NR NR NR NR NR NR NR gg?? NR NR NR NR
14 Urgent (%) 24 NR NR NR NR NR NR NR r;g'l‘gRg NR NR NR NR
! Emergency/Salvage 1.7 NR NR NR NR NR NR NR 9;;@28 NR NR NR NR
16 az2o
17 (%) g 2
18 Concomitant CABG (%) 37.1 NR NR NR - 12.8 - 13.6 E’ga 4.8 - 1 -
S @3
; Staged PCI - NR NR - NR - 6.5 - 5@2 - 0.3% 0
21| Cross clamp time (minutes) 79.0 77.0+28.5 NR NR - 74.3 - 687t @- 2 740 - NR NR
22 27.78 200 Z 5 314
;; Cardiopulmonary bypass time 104 104.9 + 39.1 NR NR - 97.7 + - 934+ 2- ??; 104.0+ - NR NR
53 (minutes) 33.75 402 3 o 458
26 Procedure time (minutes) NR NR NR NR NR 208.3 + 58.6 + 276.6 Bl&?oi 221 + 604+ 1772+ 90.3%
o
;7 62.1 36.5 +79.5 155@ 84.8 35.3 39.8 38.6
3 ~
29 SAVR,; surgical aortic valve replacement, TAVI; transcatheter aortic valve implantation, CABG; coronary artery bypass graft surgery 5 S
30 NR; not reported ~ ‘:c:'
31 S o
32 s 5
=S N
33 Q o
34 8 &
35 5
36 &
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Table 5. Outcomes following SAVR in the current study (UK AVR) and those in other national registries and recent trials compar
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VR with TAVI

In-hospital death/30-day 1.9 25 NR 8.0 6.1 1.1 0.4 1.3 g [ _5 4.5 3.3 3.7 21
mortality (%) 2 -‘Eé
Stroke (%) 1.1 NR 1.6 6.1 55 24 0.6 34 g% §4 6.2 4.9 3.0 1.4
Reoperation for bleeding® 3.6 3.9 3 NR NR NR NR NR ; §I§R NR NR NR NR
(%) ERE
Post procedure bleeding* - NR 43.4 10.4 11.9 1.2 7.5 ‘.g © Z4 69.5 41.7 1.3 20.9
%) 3
Deep sternal wound 0.14 0.3 1.1 NR - NR - NR %: % NR - NR -
infection (%) 3 =
Length of hospital stay 7 79172 NR NR - 7.0 3.0 NR §_ lgR NR NR 8.9+6.2 129+
(days) % 3 11.6
New pacemaker 1.6 NR NR 6.9 8. 4.0 6.5 6.1 i_,' 12.4 71 19.8 1.6 341
implantation (%) T §
SAVR; surgical aortic valve replacement, TAVI; transcatheter aortic valve implantation, CABG; coronary artery bypass graft surgery, NR; nz;t reéorted
*Reoperation for bleeding and post-operative bleeding were major and required intervention (g_
1]
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item
No

Recommendation

Page
No

Title and abstract 1

(a) Indicate the study’s design with a commonly used term in the title or
the abstract

2

(b) Provide in the abstract an informative and balanced summary of what

was done and what was found

Introduction

Background/rationale 2

Explain the scientific background and rationale for the investigation being

reported

Objectives 3

State specific objectives, including any prespecified hypotheses

Methods

Study design 4

Present key elements of study design early in the paper

4-6

Setting

Describe the setting, locations, and relevant dates, including periods of

recruitment, exposure, follow-up, and data collection

4-6

Participants 6

(a) Cohort study—Give the eligibility criteria, and the sources and
methods of selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and
methods of case ascertainment and control selection. Give the rationale
for the choice of cases and controls

Cross-sectional study—Give the eligibility criteria, and the sources and

methods of selection of participants

4-6

(b) Cohort study—For matched studies, give matching criteria and
number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the

number of controls per case

Variables 7

Clearly define all outcomes, exposures, predictors, potential confounders,

and effect modifiers. Give diagnostic criteria, if applicable

4-6

Data sources/ 8*

measurement

For each variable of interest, give sources of data and details of methods
of assessment (measurement). Describe comparability of assessment

methods if there is more than one group

4-6

Bias 9

Describe any efforts to address potential sources of bias

Study size 10

Explain how the study size was arrived at

Quantitative variables 11

Explain how quantitative variables were handled in the analyses. If

applicable, describe which groupings were chosen and why

Statistical methods 12

Continued on next page

(a) Describe all statistical methods, including those used to control for

confounding

(b) Describe any methods used to examine subgroups and interactions

(c) Explain how missing data were addressed

(d) Cohort study—If applicable, explain how loss to follow-up was
addressed

Case-control study—If applicable, explain how matching of cases and
controls was addressed

Cross-sectional study—If applicable, describe analytical methods taking

account of sampling strategy

(e) Describe any sensitivity analyses
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Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially 7
eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed
(b) Give reasons for non-participation at each stage 7
(c) Consider use of a flow diagram
Descriptive 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and 7
data information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest 7-8
(c) Cohort study—Summarise follow-up time (eg, average and total amount) 7
Outcome data 15*%  Cohort study—Report numbers of outcome events or summary measures over time | 7-8
Case-control study—Report numbers in each exposure category, or summary
measures of exposure
Cross-sectional study—Report numbers of outcome events or summary measures
Main results 16  (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and | 7-8
their precision (eg, 95% confidence interval). Make clear which confounders were
adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized 7-8
(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period
Other analyses 17  Report other analyses done—eg analyses of subgroups and interactions, and 8-9
sensitivity analyses
Discussion
Key results 18  Summarise key results with reference to study objectives 9
Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or 10
imprecision. Discuss both direction and magnitude of any potential bias
Interpretation 20  Give a cautious overall interpretation of results considering objectives, limitations, | 9-15
multiplicity of analyses, results from similar studies, and other relevant evidence
Generalisability 21  Discuss the generalisability (external validity) of the study results 9
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if NA

applicable, for the original study on which the present article is based

*@Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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ABSTRACT

Objectives - To date the reported outcomes of surgical aortic valve replacement (SAVR)
are mainly in the settings of trials comparing it with evolving transcatheter aortic valve
implantation (TAVI). We set out to examine characteristics and outcomes in people who

underwent SAVR reflecting a national cohort and therefore ‘real world’ practice.

Design - Retrospective analysis of prospectively collected data of consecutive people
who underwent SAVR with or without coronary artery bypass graft (CABG) surgery
between April 2013 and March 2018 in the UK. This included elective, urgent and
emergency operations. Participants’ demographics, pre-operative risk factors, operative
data, in-hospital mortality, post-operative complications and effect of the addition of
CABG to SAVR were analysed.

Setting - 27 (90%) tertiary cardiac surgical centres in the UK submitted their data for
analysis.

Participants - 31,277 people with AVR were identified. 19,670 (62.9%) had only SAVR
and 11,607 (37.1%) had AVR+CABG.

Results — In-hospital mortality for isolated SAVR was 1.9% (95% CI: 1.6-2.1%) and was
2.4% for AVR+CABG. Mortality by age category for SAVR only were: <60 years=2.0%,
60-75 years=1.5%, >75 years=2.2%. For SAVR+CABG these were; 2.2%, 1.8% and
3.1%. For different categories of EuroSCORE, mortality for SAVR in low risk people was
1.3%, in intermediate risk 1% and for high risk 3.9%. 74.3% of the operations were
elective, 24% urgent and 1.7% emergency/salvage. The incidences of re-sternotomy for
bleeding and stroke were 3.9% and 1.1% respectively. Multivariable analyses provided
no evidence that concomitant CABG influenced outcome. However, urgency of the
operation, poor ventricular function, higher EuroSCORE and longer cross clamp and

cardiopulmonary bypass times adversely affected outcomes.
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BACKGROUND

Aortic valve disease, especially aortic stenosis affects 5% of the population and 3.9% of
those between the ages of 70 and 79 and nearly 10% of those above the age of 80."
Severe aortic stenosis when untreated has a risk of death of 50% at 2 years.?
Conventionally the gold standard of treatment has been surgical aortic valve replacement
(SAVR). However, the role of transcatheter aortic valve implantation (TAVI) has evolved
in recent years. TAVI was first introduced in 2002, initially being performed in high risk
inoperable patients.? The original Placement of Aortic Transcatheter Valves (PARTNER)
trial demonstrated a significant reduction in mortality, repeat hospitalisation and cardiac
symptoms compared to inoperable patients who had only medical therapy.* The original
PIVOTAL study also demonstrated significantly higher survival at one year in high risk
patients who underwent SAVR.5

The role of TAVI is being extended to lower risk and younger patients based on
recent trials comparing SAVR with TAVI.87 Several studies suggest there has been a
change in demographics and types of surgical valves used since the advent of TAV|.8-10
There has been a trend of increased use of tissue valves and a decrease in the use of
mechanical valves in recent years.' This may be due to the evolution of TAVI practice
whereby younger patients can have a tissue valve with the view that they have a TAVI
valve in the future when the tissue valve has deteriorated, so called valve-in-valve.12.13

The series in the literature reporting outcomes of SAVR are generally unit
based.®'* Also, people with aortic valve disease are given information about the
outcomes of SAVR which may be out of date and incorrectly extrapolated from smaller
studies. There is a lack of contemporary national data to assess the outcomes of SAVR
(mortality and complications), and to demonstrate the trend in use of prosthetic valves
which would inform people with aortic valve disease better. There are some perceived
complications of surgery that may be understood by referring general practitioners and
cardiologists to be prohibitive risks for surgery.

In order to inform practitioners, people with aortic valve disease and the cardiac
surgical community, we set out to examine the results of contemporaneous SAVR in a

multi-centre study of UK cardiac surgical units, in the era of TAVI. In addition, we
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=
2 g
2 summarise and interpret some of the more recent trials on the management of aortic valve %
5 disease. T
;
: METHODS 2
?0 Data 3 %
11 S kB
12 This is an analysis of prospectively collected data of people who underwent SAVR +/- % §
12 coronary artery bypass graft (CABG) surgery between April 2013 and March 2018 in the E é
12 UK and Republic of Ireland. Anonymised data were submitted to the Society for é i
17 Cardiothoracic Surgery of Great Britain & Ireland (SCTS) for 27 of the 30 units and then e 3
13 stored in a secure database. This period was chosen to reflect fairly contemporary é §
;? practice and also the data is submitted in March every year. The data is collected by each % §
;g unit, validated and then submitted to the National Institute of Cardiovascular Outcome ? g
24 Research (NICOR). It took approximately nine months to collect, validate and clean all ‘éé”g
;Z the data. The outcome measures recorded are based on strict definitions provided by g%;
;2 NICOR to provide uniformity. %% S
;g Only participants who had had first time surgery, SAVR +/- CABG were included. ggé
g; All participants immaterial of their risk for surgery, people of all age groups and risk factors %%%
33 were included. Those who required other concomitant procedures like replacement of ggg
2‘5‘ parts of the aorta, aortic root enlargement, other valve procedures and redo surgery were g@g
36 excluded. i' ;
37 = 32
38 g 3
23 Pre-operative risk factors and operative features § %
j; Baseline demographic data; significant past medical history such as diabetes, renal gé Tz
43 dysfunction, hypertension or stroke; predominant aortic valve pathology (stenosis or é g
2‘5‘ regurgitation or mixed valve disease) and preoperative left ventricular ejection fraction f{i g
j? (LVEF) were collected. EuroSCORE is the risk stratification model used in the UK. g %
jg Logistic EuroSCORE was collected as well as EuroSCORE |l where available. The latter g §
50 was only used since 2017 and therefore not available for all participants. Logistic ' i
g; EuroSCORE was divided into three categories: <3%, 3-6%, >6%. E
gi LVEF was divided into three categories: good (EF>50%), moderate (EF 30-50%) %
55 and poor (EF<30%). Transient ischaemic attack was defined as any neurological S
58 =
Zg For peer review only - http://bmjopez.bmj.com/site/about/guidelines.xhtmI %
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symptoms lasting <24 hours. Stroke was defined as new neurological dysfunction
persisting >24 hours. Operative data including operative urgency: elective, urgent and
emergency/salvage were recorded. Elective was defined as when the person was
admitted from home, urgent meaning that the person was admitted with an urgent
condition and required surgery during the same hospital admission, emergency and
salvage meaning that surgery was required within 24 hours of admission and/or the
person was in extremis. Other parameters including cardiopulmonary bypass (CPB) time,
cross clamp (CCT) time, type of valve implanted as well as concomitant CABG surgery

performed were also collected.

Postoperative outcomes
Postoperative complication data were collected with the main focus being in-hospital
mortality, new stroke, return to theatre for bleeding, deep sternal wound infection and

duration of postoperative hospital stay.

Statistical analysis

Once the records for all participants were collated and the data cleaned, each factor was
summarised using descriptive methods. Categorical variables are presented as N (%)
and continuous variables are presented as median (IQR). New strokes were recoded to
be either no stroke or any cerebrovascular accident (transient or permanent). The natural
log of post-operative length of stay (days) was used due to positive skewed distribution
of this variable. Univariate models were used, logistic regression for binary outcomes and
linear regression for continuous outcomes, to assess the impact of the key explanatory
variables. In these models, a two-tailed p-value of <0.05 was considered significant. The
population analysed included all the participants with data collected, with results checked
in the subset who had SAVR only (without CABG). Building on this, a multivariable model
with all key variables in the model to assess which had the most impact on each of the
outcomes was created. Stata/MP 15.1 (StataCorp LLC, Texas, USA) was used for all
analyses. Multiple imputation of missing data was not performed. The missingness was
mostly negligible. There was no missing mortality and the data is shown in table 1.

Patient and public involvement
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=
2 g
z Patients and public were involved in the original design of the database. %
> =
:
7 =
: RESULTS .
10 T o
11 S kB
12 Descriptive analysis % g
I In total 31,277 patients were included. Of these, 19,670 (62.9%) had only SAVR and =3
12 11,607 (37.1%) had SAVR+CABG. There were 14.4% below the age of 60, 46.9% é ‘i
17 between 60 to 75 and 36.7% older than 75 years with 7.9% missing age data. There were e 3
12 1.9 times more males than females (10.3% missing). é §
;? Regarding pre-operative risk factors, 75.2% had good LVEF, 17.3% had moderate % §
;g and 4.3% had poor LVEF. 74.3% of the operations were elective, 24% were urgent and ? g
24 1.7% were emergency or salvage operations. ‘é é”g
;Z Logistic EuroSCORE had a median of 1.83 with an IQR of 0.06-6.0. In total, 50% g%;
;; of patients were classified as low risk (<3%), 16% as medium risk (3—6%) and 22% high g% S
;g risk (>6%). 3,792 patients (12.1%) were missing data. The median EuroSCORE Il was ggé
31 1.95 (IQR 0.67-4.8) albeit with 56.5% with missing data, as this was introduced into the %%%
> database in 2017. The median CPB time was 104 minutes (IQR 82-135) and CCT was ~ S=
3 79 minutes (IQR 61-101). g@g
36 For valve implant replacement type, 70% had a tissue valve, 12.2% a mechanical i' ;
;7; valve and 0.2% had homograft or autograft valves. For 17.3% the entry for valve type was 5:, é
23 unclear. The ratio of mechanical implant to bioprosthetic implant use has remained stable § %
j; over time. 5 73
43 Overall mortality was 2.4% (95% CI: 2.2-2.6%) and mortality for isolated SAVR for é g
2‘5‘ all participants was 1.9% (1.6-2.1%). The mortality figures analysed for different age f{i g
j? ranges and for categories of EuroSCORE are shown in Table 2. g %
jg Overall, 3.9% (3.6% in SAVR only) of participants had re-sternotomy for post- ‘:; §
50 operative bleeding or tamponade, 0.04% (0.06% in SAVR only) had re-operation for ' i
g; valvular problems (significant paravalvular leak and early endocarditis), 0.7% (0.6% E
gi SAVR only) had re-operation for other cardiac problems, 0.2% (0.15% for SAVR only) %
55 had rewiring of sternum for sterile wounds and 0.14% (0.06% for SAVR only) had re- S
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wiring of sternum for infection. Transient ischaemic attack occurred in only 0.6% and 1.1%
had a stroke (no missing data).

Median post-operative length of stay was 7 days (IQR: 6-11) in those with SAVR
only and 8 days (IQR: 6-12) in all patients.

The number of bypass grafts was not analysed due to concerns about inconsistent
reporting of data describing the number of grafts.

When comparing the two subsets of patients, the characteristics of those with
SAVR alone were broadly similar to those with SAVR+CABG. In SAVR alone there were
more people aged <60 years (19.3% vs 6.2%), but less people were older than 75 (30.1%
vs 43%). A higher proportion of those with SAVR+CABG were male (68% vs. 54%).
Bypass time was an average of 37 minutes shorter and CCT 27 minutes in the SAVR
alone group. Amongst those with only SAVR the mechanical valve usage was greater, at
16% vs 7%.

Regression analysis

Univariable

Taken in isolation, all pre-operative risk factors were associated with an increased odds
of death, as was addition of CABG. The same pattern was observed when analysing the
need for re-operation or surgery, with all explanatory variables indicative of a worse
outcome without taking into account any others. For new stroke only age, EuroSCORE,
operative urgency, ejection fraction, and cumulative bypass and cross clamp times
affected a negative outcome (but not gender), as did CABG. All factors predicted a longer
postoperative length of stay, including CABG.

As a sensitivity analysis, age categories were also assessed. When included as a
continuous variable, age was significant both on its own and in all the multivariable
models. All participants were categorised into <60, 60-75 and >75 years of age. Those
60-75 were at a lower odds of death in comparison to those <60 (OR 0.71, 95% CI 0.53-
0.95, P=0.021) with no difference in those >75 (OR 1.09, 95% CI 0.82-1.45) in the AVR
alone group. These findings were different in the SAVR+CABG group, with no significant
difference in those 60-75 (OR 0.81, 95% CI 0.64-1.03) but an increased risk in those >75
(OR 1.09, 95% CI 1.12-1.76, P=0.004).
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g
1 0
2 g
3 =
4 @
Z Multivariable Analyses 2
7 Analysis of postoperative outcomes using multivariable models including all pre-operative 5
8 g
9 and operative factors are shown in Table 1. This demonstrated that age (OR 1.03 (95% o
}‘1’ Cl 1.02-1.04), P<0.001), moderate ejection fraction (OR 1.48 (95% Cl 1.18-1.85), ? 5
12 P<0.001), poor ejection fraction (OR 1.90 (95% CIl 1.36-2.69), P<0.001), logistic % §
13 o
14 EuroSCORE (OR 1.02 (95% CI1 1.02-1.03), P<0.001), urgent operation (OR 1.63 (95% CI g é
" 1.30-2.00, P<0.001), emergency surgery (OR 6.87 (95% Cl 4.70-10.16), P<0.001) and g 3
=, o
1; longer CPB times affected mortality (OR 1.02 (95% Cl 1.01-1.02), P<0.001). S §
19 When all other variables were taken into account CABG was not significantly 3 g
20 c r
21 associated with an increase in the risk of death (OR 1.15 (95% CI 0.93-1.42), P=0.20). S 9
- Older age, (OR 1.01 (95% CI 1.00-1.01), p<0.006), longer CPB time (OR 1.00 g 3
;‘5‘ (95% CI 1.00-1.01), P<0.001), urgent (OR 1.26 (95% CI 1.08-2.00), P<0.002) and ‘éé”é’
26 emergency surgery (OR 2.22 (95% CI 1.51-3.26), P<0.001) were significant factors in %‘%g
T 2R
;; identifying people requiring return to theatre for bleeding. Again, CABG did not affect the ggg
gg odds of returning to theatre (OR 1.07 (95% Cl 0.93-1.24), P=0.33). gos
To
31 Factors affecting stroke were age, (OR 1.02 (95% CI 1.01-1.03), P<0.001), §g§
32 atao
33 emergency (OR 7.65 (95% CI 5.00-11.70, P<0.001) or salvage surgery (OR 4.38 (95% 83
333
gg C11.47-13.1) P=0.008), and CPB times (OR 1.00 (95% CI1 1.00-1.01), P<0.001). As in the 5@3
g? other outcomes, addition of CABG did not affect the outcome (OR 1.12 (95% CI 0.88- i' ;
= 3
38 1.42), P=0.37). g S
39 =R
40 Age, male gender, moderate and poor ejection fraction, operative urgency, higher @ §
Q=
j; logistic EuroSCORE, and cumulative bypass time significantly all affected post-operative 2 g
43 length of stay. 3 2
44 5 3
45 g S
46 S @
47 DISCUSSION s 5
jg This study reports contemporary results of SAVR and SAVR+CABG in the UK, reflecting < §
50 real world practice, reporting an overall mortality of 1.9% and 2.4% respectively. We have ' °;i
51 Q
52 shown a low mortality and complication rate for all comers following surgery in people %
gi requiring SAVR or SAVR+CABG. The complications were low with 3.9% re-sternotomy %
gg for bleeding, 0.04% re-operation for valvular problems and 1.1% stroke. Surprisingly, E
57 :
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having accounted for other risk factors, addition of CABG did not adversely affect the
outcomes.

The strengths of the study include its large number of participants, no exclusion of
urgent and emergency/salvage cases, and inclusion of all risk participants. The limitations
are that three centres were unable to take part, possible coding errors in using large
databases, lack of detailed echocardiographic data on valve annular size and presence
or absence of pre-operative infective endocarditis which can adversely affect outcomes.
In addition, the results are in-hospital mortality and complications and the database lack
longer follow-up information.

Data from the current study are consistent with other large international studies.
Data from the US Society of Thoracic Surgeons (STS) database demonstrated in-
hospital mortality for isolated SAVR of 2.5% and incidence of stroke of 1.5%.'5 A recent
analysis of the Japanese Cardiovascular Surgery database which assessed the
outcomes of patients undergoing SAVR over a 8 year period has demonstrated a similar
in-hospital mortality of 2%.'® They also demonstrated a reduction in mortality over time,
despite increasing surgical risk. The age of the patients in our study is lower than some
of the trials of SAVR and TAVI. This is probably due to the selection criteria in these trials
where older patients were selected.

We had set out to analyse the results of SAVR in the UK to inform practitioners
treating people with aortic valve disease and inform people with this condition in an era
where other therapies for management of aortic valve disease are evolving with
expanding indications. Although the current study did not examine people who received
TAVI, we discuss the various trials of SAVR and TAVI reported in the context of the
literature and compare them with the results of the current study.

In Tables 3-5, the demographics, procedural details and outcomes of the current
study are compared with the respective sub-groups of the published trials. Table 5 shows
low mortality and complication rate in the participants of this study following surgery in
people who required SAVR or SAVR+CABG. The trials comparing AVR and TAVI have
enrolled and classified patients according to the risk of surgery, in particular the more
recent trials.®” The most commonly used surgical risk stratification score is the Society of

Thoracic Surgery risk score (STS), although this scoring system has been validated in
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;
z the US population. We have used EuroSCORE and shown that mortality is low in all 3
5 categories of risk. T
? There are several recent trials comparing SAVR with TAVI. A meta-analysis of six %
g of these trials performed by Barili and colleagues reported that mortality was affected by ;
1(1) the treatment modality with a time-varying effect: TAVI was related to better survival in é'? E
12 the first months after implantation whereas, after 40 months, it was a risk factor for all- % §
12 cause mortality.’”” The NOTION trial, which compared outcomes of patients estimated to E é
12 have low surgical risk who underwent either TAVI or SAVR demonstrated similar early é i
17 mortality results, with mortality of 2.1% in TAVI group vs 3.7% in the SAVR group, e 3
12 p=0.38."® The PIVOTAL trial of low risk patients also reported similar results between % %
;? those who underwent TAVI compared to SAVR, with early mortality of 0.5% in TAVI group § g
;g and 1.3% in SAVR.” In addition, the 5 year results of the PARTNER 2 study, comparing ? g
24 TAVI vs SAVR in intermediate surgical risk demonstrated no significant difference in the o é”g
;Z incidence of death or stroke at 5 years following SAVR or TAVL." The mortality in the g%;
;; intermediate EuroSCORE risk category of the current study was 1.0% for SAVR only and g% S
;g 0.9% for SAVR+CABG. PARTNER 3 however demonstrated significantly lower mortality ggé
g; in the TAVI group compared to SAVR (1% vs 2.5%, P=0.01) at one year.t An %%%
33 observational study of 7618 patients comparing SAVR with TAVI at 5 years showed §§§
2‘5‘ however that in a real world population with low and intermediate risk, SAVR was %Eg
36 associated with lower mortality and major adverse cardiac events, although this was with i' ;
;7; first generation TAVI devices.?° 5:, é
zg Role of co-existent coronary artery disease and its management § %
j; 60% of patients with aortic valve disease undergoing SAVR and 65% of those undergoing ggJ 73
43 TAVI have coexisting coronary artery disease.?! In our series, 37% had co-existent é g
2‘5‘ coronary artery disease and underwent concomitant CABG. The addition of CABG did f{i g
j? not adversely affect outcomes. The US' and Japanese'® series did not look into g %
jg concomitant CABG. The percentage of concomitant CABG in our series is higher than g §
50 the trials of SAVR/TAVI. This probably reflects the selection criteria in the latter. In ' i
g; PARTNER 2, although both groups had a similar number with coexistent coronary artery E
gi disease, 14.5% of the SAVR group had concomitant CABG compared to 3.9% of the TAVI %
55 group who had percutaneous intervention (Table 4).22 SAVR may therefore be the S
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preferred treatment modality in those with aortic stenosis and multivessel coronary artery
disease requiring revascularisation.

Treatment of coronary artery disease in TAVI patients may require more than one
hospital admission and can often result in incomplete revascularisation and its
consequent increased morbidity and mortality. A meta-analysis by Sankaramangalam
and colleagues, demonstrated that whilst there was no increase in mortality in patients
with coronary artery disease who underwent TAVI at 30 days, there was a significant
increase in mortality at one year following TAVI in these patients.23 The economic costs
of readmission after TAVI have been demonstrated to be higher than in those who are
readmitted after surgery and so untreated coronary disease which later requires
readmission will have cost implications.?425 Surgery has the advantage of addressing alll

the pathology with one operation.

Durability and choice of prosthetic valves

In choosing the technique of treatment for aortic valve disease, life expectancy of the
person and durability of the valve need to be considered. Ideally, the prosthetic valve
should be durable for the person’s lifetime. Both of these are related to person’s age. In
the UK a 50 year old female has a life expectancy of 34 years and a 70 year old male a
life expectancy of 14 years.26

The durability of bioprosthetic valves is well documented in the surgical literature
and is inversely proportional to person’s age. Structural valve deterioration (SVD) has
been demonstrated to increase exponentially beyond 10 years following surgery.?7:28
Considering the UK life expectancy 26, a 70 year old male has a 5% risk of re-operation
and a 50 year old female has a 30% chance of needing a second operation.

Surgery has the advantage of offering the patient a mechanical or a bioprosthetic
valve. The option of a mechanical valve which is only available in surgical SAVR should
not be overlooked especially in younger people. In the current study, we have shown a
fairly consistent ratio of tissue to mechanical valve use. However, the reported literature
shows that the number of mechanical valve implantations has reduced in comparison to
bioprosthetic valves.’® Mechanical valves are durable, with one group reporting 6.9%

reintervention rate at 15 years versus 12.1% in those who underwent surgery with a
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g
2 g
z bioprosthesis.?? For this reason, it has been the most commonly considered prosthesis in =
5 those under the age of 60, as in our study where 60.2% of participants <60 years had a é
6 =2
7 mechanical valve. Mechanical valves have the disadvantage of requiring anticoagulation, )
[¢°]
g although, newer generations require a lower level of anticoagulation. 3®Whilst mechanical ;
1(1) valves are more durable, this has to be balanced against the greater risk of bleeding. 2° 2 é
12 At 15 years follow up, Chiang and colleagues also demonstrated no significant difference g &
13 g
14 in survival and stroke between patients who underwent SAVR with mechanical vs E 2
©
12 bioprosthetic valve.?® Another group demonstrated in the 50-70 year old cohort that s %
<
17 survival at 5 years was higher in patients who had undergone SAVR with mechanical g §
18 =~ o
19 valve vs bioprosthesis and also demonstrated similar freedom from major bleeding 3 §
c R
;? events.3! 5 o
24 Bicuspid aortic valve and aneurysm of the aorta § g”é
25 230
26 A significant number of patients requiring SAVR have bicuspid aortic valve, which has an gfgb'g
TO0N
;; incidence of 1-2% in the general population and may present with aortic valve stenosis, %?D ;
o>
;g regurgitation and ascending aortic aneurysm. The type of native aortic valve is not §g>§
X2
31 recorded in the database of our study. BAV may be present in up to 30% of patients %%%
32 . . . . . S
33 undergoing SAVR.32 Bicuspid aortic valve anatomy, larger annular size, bulky and ggg
2‘5‘ asymmetric leaflet calcification and dilated ascending aorta all pose technical challenges g;[,r,‘g
36 to TAVI which are not prohibitive risk factors for surgery. In fact, associated pathology of i' ;
37 = 3
38 aneurysms of the aortic root and ascending aorta can be treated at the time of SAVR with S )
o ittle additional risk.33 g :
41 p 2
42 o é
43 European guidelines recommend discussing people with aortic valve disease in a multi- 3 3
44 3 3
45 disciplinary setting referred to as Heart Team, comprising of a surgeon, a non- é ‘5
j? interventional and an interventional cardiologist.®* This will allow the best treatment option g %
48 to be put forward to the person. % S
49 o O
50 2
51 %
52 a
>3 CONCLUSIONS o
54 =
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SAVR with and without CABG has low mortality risk and a low level of complications in
the UK in people of all ages and risk factors. Our study provides real world experience
of surgical results to improve understanding of the risks of surgery and decision making
in a multi-disciplinary team (MDT) setting with Heart Team. The results of this study can
be utilised by people with aortic valve disease, referring general practitioners, physicians,
surgeons and policy makers. Future studies need to address long term follow-up including

factors like quality of life which are currently not collected by the specialist centres.
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Table 1. Multivariable modelling of post-operative outcomes using pre-operative and operative factors
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Predictor missing Category Hospital mortality Return to theatre for New stroke o
bleeding =2
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Age (years) 7.9% per unit increase 1.03 <0.001 1.01 0.006 1.02 0.001 g
(1.02-1.04) (1.00-1.01) (1.01-1.03) o
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o |
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2 ‘_g 0
3 Table 3. Baseline characteristics in the current study (UK SAVR) and those in other national registries and recent trials compafing 8AVR with TAVI
4 S
5
6
7
8

9
10 | Age (meanzSD) 70.1£11.5 67.6+13.4 81.746.7 81.546.7 73.616.1 73.3%5.8 73.625.9 2 474, 83.216.4 83.11£7.1
Do
1; % Male 59 58 51.1 54.8 54.2 711 67.5 66.2 % 2 §64 52.4 53.1 53.8
13 BMI (kg/m?) 28.915.5 29.3+6.6 NR 28.316.2 28.616.2 30.3t5.1  30.7#5.5 NR §§ EUNR NR NR NR
14 | NYHA class II/IV (%) 44 4 38.4 15.9 76.3 77.3 23.8 31.2 28.4 § n ?5.1 86.9 85.7 45.5
c
12 Logistic EuroSCORE (%) 4.3+7.3 NR NR NR NR 1.5£0.9*  1.5%£1.2* NR %"8 SNR 18.6+13.0 17.7x13. 89%55
a =.o
17 %g @ 1
18 | Diabetes Mellitus (%) 22.2 255 NR 34.2 37.7 30.2 31.2 305 SBBP14 45.4 34.9 20.7
e B 09 e}
;g Chronic Kidney Disease 3.1 NR NR 5.2 5.0 0.2 0.2 0.1 gg 204 12.8 12.2 0.7
S0 2%
22 | Hypertension (%) 64.9 NR NR NR NR NR NR 826 = 3p4.8 96.1 95.1 76.3
23 Peripheral vascular 8.7 9.2 NR 32.9 27.9 7.3 6.9 75 £ 383 41.7 411 6.7
24 S @
55 | disease (%) 3 5_
26 2 =
27 Previous stroke (%) 8.2 12.6 0.13 31 32.1 51 3.4 10.2 3 §11.8 14.0 12.6 16.3
28 | COPD (%) 13.4 NR 13.6 30.0 31.8 6.2 51 15.0 2 o18.0 9.0 13.3 11.9
Q) 3
29 LV ejection fraction (%) 53.2 549+129 NR 55.3+11.9 56.2+10. 66.2+8.6 65.74#9.0 619+77- 617+ NR NR NR
30 T £
31 8 S @79
> =
32 Coronary artery disease 371 NR NR 66.5 69.2 28.0 27.7 NR % ENR 75.9 75.4 NR
33 (%) a 3
34 g &
35 | Atrial fibrillation 10.3 NR 5.6 35.2 31.0 18.8 15.7 14.5 2154 45.9 40.9 25.6
36 | Permanent pacemaker 1.9 12.0 11.7 2.9 24 3.8 %3.2 21.3 23.3 4.4
:; SAVR,; surgical aortic valve replacement, TAVI; transcatheter aortic valve implantation, BMI; body mass index, NYHA; New York He%rt Association classification,
39 COPD; chronic obstructive pulmonary disease, NR; not reported %’.
40 *EuroSCORE |l reported only §
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NR; not reported

Operative urgency % 28
o 1 1Y
Elective (%) 743 NR NR NR NR NR NR NR g?:NB NR NR NR NR
Urgent (%) 24 NR NR NR NR NR NR NR § ;d;lg NR NR NR NR
Emergency/Salvage 1.7 NR NR NR NR NR NR NR 9;; ?_i;slg NR NR NR NR
—_0
(%) 228
Q -~
Concomitant CABG (%) 37.1 NR NR NR - 12.8 - 13.6 E’Uﬁua 4.8 - 1 -
S ™3
Staged PCI - NR NR - NR - 6.5 - 5:@.2 - 0.3% 0
Cross clamp time (minutes) 79.0 77.0+28.5 NR NR - 74.3 + - 68.7+ «- = 74.0 + - NR NR
27.78 200 Z 5 31.4
Cardiopulmonary bypass time 104 104.9 £ 39.1 NR NR - 97.7 £ - 93.4 + g- ?: 104.0+ - NR NR
(minutes) 33.75 02 3 3 45.8
Procedure time (minutes) NR NR NR NR NR 208.3 £ 58.6 + 2766 2482+ 221+ 604+ 1772+ 903+
o
62.1 36.5 +795 05 84.8 35.3 39.8 38.6
3
SAVR,; surgical aortic valve replacement, TAVI; transcatheter aortic valve implantation, CABG; coronary artery bypass graft surgery 5
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8 Table 5. Outcomes following SAVR in the current study (UK AVR) and those in other national registries and recent trials compaﬁng QAVR with TAVI
=
9
10
11
12
13
1‘5" In-hospital death/30-day 1.9 25 NR 8.0 6.1 11 0.4 132905 4.5 3.3 3.7 2.1
.—r.c —_
16 mortality (%) gég-g’.
17 Stroke (%) 1.1 NR 1.6 6.1 5.5 24 0.6 3.4 E;E B4 6.2 49 3.0 1.4
12 Reoperation for bleeding* 3.6 3.9 3 NR NR NR NR NR “3—; 5 _g:\lR NR NR NR NR
20 (%) ERUES
: ~—+
21 Post procedure bleeding* - NR 43.4 10.4 1.9 1.2 75€° 24 69.5 41.7 1.3 20.9
> O
22 (%) = 3
23 50
24 Deep sternal wound 0.14 0.3 1.1 NR - NR - NRS B- NR - NR -
=}
25 infection (%) _8 ?{
26 Length of hospital stay 7 79+7.2 NR NR - 7.0 3.0 NR §_ ‘NR NR NR 8.9+6.2 12.9 1
o
3573 (days) % 3 11.6
29 New pacemaker 1.6 NR NR 6.9 8. 4.0 6.5 615 374 71 19.8 1.6 34.1
= a
30 implantation (%) § S
g; SAVR; surgical aortic valve replacement, TAVI; transcatheter aortic valve implantation, CABG; coronary artery bypass graft surgery, NR;%ot rgported
33 “Reoperation for bleeding and post-operative bleeding were major and required intervention g g
34 8 &
35 i
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item
No

Recommendation

Page
No

Title and abstract 1

(a) Indicate the study’s design with a commonly used term in the title or
the abstract

2

(b) Provide in the abstract an informative and balanced summary of what

was done and what was found

Introduction

Background/rationale 2

Explain the scientific background and rationale for the investigation being

reported

Objectives 3

State specific objectives, including any prespecified hypotheses

Methods

Study design 4

Present key elements of study design early in the paper

4-6

Setting

Describe the setting, locations, and relevant dates, including periods of

recruitment, exposure, follow-up, and data collection

4-6

Participants 6

(a) Cohort study—Give the eligibility criteria, and the sources and
methods of selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and
methods of case ascertainment and control selection. Give the rationale
for the choice of cases and controls

Cross-sectional study—Give the eligibility criteria, and the sources and

methods of selection of participants

4-6

(b) Cohort study—For matched studies, give matching criteria and
number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the

number of controls per case

Variables 7

Clearly define all outcomes, exposures, predictors, potential confounders,

and effect modifiers. Give diagnostic criteria, if applicable

4-6

Data sources/ 8*

measurement

For each variable of interest, give sources of data and details of methods
of assessment (measurement). Describe comparability of assessment

methods if there is more than one group

4-6

Bias 9

Describe any efforts to address potential sources of bias

Study size 10

Explain how the study size was arrived at

Quantitative variables 11

Explain how quantitative variables were handled in the analyses. If

applicable, describe which groupings were chosen and why

Statistical methods 12

Continued on next page

(a) Describe all statistical methods, including those used to control for

confounding

(b) Describe any methods used to examine subgroups and interactions

(c) Explain how missing data were addressed

(d) Cohort study—If applicable, explain how loss to follow-up was
addressed

Case-control study—If applicable, explain how matching of cases and
controls was addressed

Cross-sectional study—If applicable, describe analytical methods taking

account of sampling strategy

(e) Describe any sensitivity analyses
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Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially 7
eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed
(b) Give reasons for non-participation at each stage 7
(c) Consider use of a flow diagram
Descriptive 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and 7
data information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest 7-8
(c) Cohort study—Summarise follow-up time (eg, average and total amount) 7
Outcome data 15*%  Cohort study—Report numbers of outcome events or summary measures over time | 7-8
Case-control study—Report numbers in each exposure category, or summary
measures of exposure
Cross-sectional study—Report numbers of outcome events or summary measures
Main results 16  (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and | 7-8
their precision (eg, 95% confidence interval). Make clear which confounders were
adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized 7-8
(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period
Other analyses 17  Report other analyses done—eg analyses of subgroups and interactions, and 8-9
sensitivity analyses
Discussion
Key results 18  Summarise key results with reference to study objectives 9
Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or 10
imprecision. Discuss both direction and magnitude of any potential bias
Interpretation 20  Give a cautious overall interpretation of results considering objectives, limitations, | 9-15
multiplicity of analyses, results from similar studies, and other relevant evidence
Generalisability 21  Discuss the generalisability (external validity) of the study results 9
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if NA

applicable, for the original study on which the present article is based

*@Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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