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Dear Editors,

thank you for the time invested in our manuscript. The suggestions from the
reviewers were of utmost importance in building up a meaningful discussion.
Furthermore, the remarks of the Statistical Reviewer were always punctual and helped
in providing a linear stat design and presentation of the results.
We went through the last comments and hopefully we are able to provide adequate
answers and changes.

Whatever the outcome of the submissions, the review process of your Journal
represents a valuable occasion of discussion and learning.

Best regards

Pietro G Malvindi
Wessex Cardiothoracic Department
University Hospital Southampton

Abstract: Objectives. Surgical aortic valve replacement can be safely performed in people aged
80 and older with early benefits on both symptomatic and prognostic ground. Whilst
new approaches are advocated to treat this elderly and frail population, data on long-
term outcomes are not available.

Methods. We conducted a retrospective analysis of 1870 patients aged 80 and over
who underwent first time surgical aortic valve replacement during the period 2000 —
2019. The Kaplan-Meier method was used to calculate survival and comparisons
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Response to Reviewers:

among groups was performed by log-rank test. Cox analysis was used to determine
independent risk factors for late mortality.

Results. Patients’ mean age was 84 years and 53% were male. Isolated aortic valve
replacement was performed in 42% of the patients, CABG (n=956), mitral valve (n=94)
or aortic surgery (n=69) were associated in the remaining cases. One hundred eighty-
one patients (8%) sustained at least one postoperative complication (reopening for
bleeding or tamponade 3%, renal replacement therapy 3%, new cerebral stroke 1.5%).
In-hospital mortality was 3.2% in the overall population (60/1870) and 2.2% after
isolated aortic valve replacement (18/790). Survival was 90%, 66%, 31%, 14% at 1-
year, 5-years, 10-years and 15-years, respectively, and was similar to the expected
survival of a sex- and age-matched population (log-rank p=0.96). A complicated
postoperative course was an independent risk factor for mortality during the follow-up
[hazard ratio 1.32 (1.03, 1.68), p=0.026].

Conclusions. Surgical aortic valve replacement can be performed with an acceptable
early mortality rate and provides excellent long-term survival in people aged 80 and
older.

Reviewer 1: The revised version of this paper is good. | do not have any more
comments.

Reviewer 2: With the additional information provided by the authors, complying with the
reviewers' request, now the manuscript becomes a valuable piece of evidence for
aortic valve replacement in patients aged 80 years and over.

Reviewer 3: The authors responded well to the reviewers' comments. | agree that this
manuscript could represent a benchmark for the forthcoming long-term results of non-
surgical treatment of aortic valve.

Now | agree that this manuscript could be accepted for publication in EJCTS.

Answer. We want to thank you for your constructive reviews, they were all fundamental
suggestions driving meaningful messages from our numbers and analyses.

Reviewer 4: STATISTICAL REVIEW

The authors took my comments into consideration. As a result of survival analyses with
different starting points, readers might be confused. Hence, it is important to formulate
the results precisely. Here are my comments:

- As mentioned already in my review of the original version, the starting point of
survival should be mentioned in the label of the time axis. According to the Statistical
and data reporting guidelines
https://emea01.safelinks.protection.outlook.com/?url=https %3A%2F %2F doi.org%2F 10.
1093%2Fejcts%2Fezv168&amp;data=04%7C01%7C%7C7b539a4510a940f0a3b908d
8cc1654aa%7C84df9e7fe9f640afb435aaaaaaaaaaaa%7C1%7C0%7C637483743562
922721%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwWMDAILCJQljoiV2IuMzli
LCJBTIl6lk1haWwiLCJXVCI6MNn0%3D%7C1000&amp;sdata=YtkwOCEBfiaXyrbTuyn0
9GfOyfLgPubd2PoC3qgNklw%3D&amp;reserved=0, the labels of Kaplan-Meier plots
including the central figure should be "Time from surgery (years)" or "Time from
discharge (years)" (supplemental figure 1A) instead of "years".

- In the statistical analysis section, the starting points of survival should be mentioned.
- The starting point should be mentioned when it is not obvious. In the section "Long-
term outcomes", the starting point is surgery, then it switches to discharge, then goes
back to surgery, before it switches to discharge (supplemental figure 1A) and surgery
(supplemental figure 1B) again. The authors might change the order of analyses to
improve readability. The starting point has to be mentioned after every switch.

- To make figures and tables self contained, the starting point has to be mentioned in
the titles or legends.

Answer. We agree with this remark. Summarising, all the KM analyses have the
starting point on the date of surgery, while the Cox analysis considers the time from
discharge. We have punctually reported the starting point wherever necessary in the
main text and legends. Regarding the figures we have opted for three different ways
because of different data involved in the KM analysis. Particularly:

-Figure 2: we have followed your suggestion and expanded the x axis legend with
“Time from surgery (years);
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Order of Authors (with Contributor Roles):

-Figure 3/Central Figure: since there is no surgery date to be considered for the
general population, we have opted for expanding the legend of the curve of the
surgical population;

-Supplemental Figure 1: similar considerations for Figure 3. In this case we have
preferred to underline the starting point in the figure legends. Expanding the legends
for 4 curves would have had a negative impact on the graph layout.

Finally, we welcomed your idea of changing the order of the paragraph in “Long-term
outcomes”. It sounds more readable.

Changes.

Page 8 lines 9 and 15
Page 10 lines 22-23

Page 11 lines 3-6 and 15
Page 17 lines 4 and 8
Page 21 line 1

Page 22 line 2

Suppl Page 1 lines 2 and 9

- Supplemental figure 1B: The figure does not show "cumulative risk of mortality" but
cumulative survival.

Answer. Thank you, corrected.

Changes. Suppl Page 1 line 9

- Abstract, results: Text like "0.026; 1.317 (1.033, 1.680)" is incomprehensible. In the
results, it might be replaced by something like "p=0.026; HR 1.32, 95% CI 1.03 to
1.68". In the abstract, "(hazard ratio 1.32 (1.03,1.68), P=0.026)" would have only one
word more than the incomprehensible text. Note that | would prefer HRs rounded to
two decimal places.

Answer. Thank you, corrected.

Changes.

Page 3 line 17

Page 11 lines 17-20

Page 21 Table

Page 22 Table

Pietro Giorgio Malvindi, MD, PhD (Conceptualization; Data curation; Formal analysis;
Investigation; Methodology; Validation; Writing — original draft)

Suvitesh Luthra (Conceptualization; Data curation; Investigation; Methodology; Writing
— original draft)

Suresh Giritharan (Conceptualization; Data curation; Formal analysis; Investigation;
Methodology; Validation; Writing — review & editing)

Mariusz Kowalewski (Data curation; Formal analysis; Methodology; Software;
Validation; Writing — review & editing)

Sunil Ohri (Conceptualization; Investigation; Methodology; Project administration;
Supervision; Validation; Writing — original draft)
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Visual abstract

Key question: what is the long-term survival of people aged over 80 undergoing aortic valve surgery?

Key findings: survival is 30% at 10-year and similar to the expected survival of an age- and sex-

matched population

Take-home message: surgical aortic valve replacement is safe in octogenarian and older patients

and provide a good long-term survival
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Abstract

Objectives. Surgical aortic valve replacement can be safely performed in people aged 80 and older
with early benefits on both symptomatic and prognostic ground. Whilst new approaches are

advocated to treat this elderly and frail population, data on long-term outcomes are not available.

Methods. We conducted a retrospective analysis of 1870 patients aged 80 and over who underwent
first time surgical aortic valve replacement during the period 2000 — 2019. The Kaplan-Meier method
was used to calculate survival and comparisons among groups was performed by log-rank test. Cox

analysis was used to determine independent risk factors for late mortality.

Results. Patients” mean age was 84 years and 53% were male. Isolated aortic valve replacement was
performed in 42% of the patients, CABG (n=956), mitral valve (n=94) or aortic surgery (n=69) were
associated in the remaining cases. One hundred eighty-one patients (8%) sustained at least one
postoperative complication (reopening for bleeding or tamponade 3%, renal replacement therapy 3%,
new cerebral stroke 1.5%). In-hospital mortality was 3.2% in the overall population (60/1870) and
2.2% after isolated aortic valve replacement (18/790). Survival was 90%, 66%, 31%, 14% at 1-year,
5-years, 10-years and 15-years, respectively, and was similar to the expected survival of a sex- and
age-matched population (log-rank p=0.96). A complicated postoperative course was an independent

risk factor for mortality during the follow-up [hazard ratio 1.32 (1.03, 1.68), p=0.026].

Conclusions. Surgical aortic valve replacement can be performed with an acceptable early mortality

rate and provides excellent long-term survival in people aged 80 and older.

Abstract word count: 250

Keywords: aortic valve, aortic valve replacement, aortic valve prosthesis
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Introduction

Cardiac surgery has been increasingly performed in octogenarian and older patients during the last
decades (1)(2). The initial experiences reported a postoperative mortality up to 17% (3)(4)(5)(6),
however, more recent studies reported a progressive reduction of early mortality for these patients
(7)(8). Particularly, surgical aortic valve replacement can be nowadays safely performed in patients
aged 80 and over with an acceptable in-hospital mortality rate (around 2%) (9)(10)(11) and the
provision of improved survival (12) and a satisfactory quality of life at mid-term follow-up (5)(7).
Transcatheter techniques have shown similar procedural safety while providing a shorter hospital stay
and a quicker recovery (7)(11). These advantages have not translated so far into a better mid-term
survival (13), nevertheless, long-term results and the potential impact on the long run of postoperative
complications such as acute kidney injury and bleeding, especially in surgical patients (8)(11), or a
high incidence of pacemaker implantation and paravalvular regurgitation in patients treated with

transcatheter procedures (14)(15), remain undetermined.

No long-term data is available for octogenarian and older patients who underwent surgical aortic
valve replacement, for this reason we have reviewed our surgical experience of the last 20 years in
order to provide a picture of the survival of this population and to study the risk factors associated

with mortality during the follow-up.

Materials and Methods

Ethical statement

Approval was obtained for use of data (Safeguard System approval number SEV/0029, date
24.10.2018). Considering the type of the study involving anonymised and previously collected data,

patients’ consent was waived.
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Population

The internal database of Wessex Cardiothoracic Centre at UHS was searched to identify patients who
underwent aortic valve replacement during the period January 2000 — December 2019 using the

following criteria.

Inclusion criteria

- Age>80 years;
- First time sternotomy;
- Associated procedures including CABG, mitral valve surgery, tricuspid valve surgery,

aortic surgery;

Exclusion criteria

- Redo procedure (any previous cardiac operation);

A total of 1870 patients fulfilled the criteria.

Study design, data collection and outcomes

This study is a retrospective outcome evaluation from institutional records with prospective data entry
collected and used in compliance with institutional data protection and confidentiality policies. The
data were collected from the hospital database system, patients records and records of the general

practitioners.

The following data were collected:

Preoperative details:
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- Age;

- Gender;

- History/diagnosis of systemic hypertension;

- Diabetes Mellitus;

- COPD;

- Smoking history (ex-smoker or active smoker);

- Creatinine>200 pmol/L;

- Previous cerebral stroke;

- Extracardiac arteriopathy;

- Previous acute myocardial infarction;

- NYHA class;

- LVEF;

- Haemodynamic of valve pathology (aortic stenosis, regurgitation);

- Operation status (elective/urgent);

- Logistic EuroSCORE.

Operative data:

- Associated procedures (CABG, MV surgery, TV surgery, aortic surgery);

- Cross-clamp time;

- Cardiopulmonary bypass time.
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Postoperative outcomes:

- In-hospital mortality (death before hospital discharge);

- Reopening for bleeding/tamponade;

- Renal replacement therapy/CVVHD;

- New postoperative neurologic deficit (permanent stroke, TIA);

- Deep sternal wound infection;

- Permanent pacemaker implantation (pre-discharge and post-discharge);
- Postoperative hospital length of stay;

- Discharge destination.

Long-term outcomes:

- Survival.

Definitions

The preoperative data collected were as previously defined for EuroSCORE (16). All-cause mortality
was considered for survival during the follow-up. Postoperative outcomes (occurred before hospital
discharge) were recorded according to the VARC-2 criteria (17). Particularly, new neurologic deficit

was coded according to the criteria for “stroke and TIA” (17).

Surgical techniques

All the operations were performed through midline sternotomy. Cardioplegic arrest was achieved
with cold blood cardioplegia. Conventional aortic valve prostheses were used in all the cases; a tissue

valve was implanted in 99.7% of the patients (1865/1870). Intraoperative TOE has been used

7
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routinely in the period 2010 — 2019. All the patients underwent a pre-discharge transthoracic

echocardiogram and a clinic follow-up during the first three months since the operation.

Statistical analysis

Continuous variables were presented as mean (SD) or median (1 IQR, 3 IQR). Categorical variables
were presented as number (%). Univariable comparisons of preoperative, operative and postoperative
variables were performed among the groups using the Student’s t-test, Kruskall-Wallis test, or the 2
or Fisher’s exact test as appropriate.

Survival probabilities, with time starting on the date of surgery, were calculated using the Kaplan—
Meier method. Survival probabilities of a sex and age-matched English population were calculated
using Kaplan-Meier method and was based on data available on:

https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/lifeexpectancies

/datasets/singleyearlifetablesuk1980t02018.

Log-rank test was used to compare survival curves.

A Cox regression analysis, with time starting on the date of hospital discharge, was performed to
determine the hazard ratios (HRs) of long-term survival; a backward stepwise model with a
significance of p < 0.15 was used. The variables included were gender, age, NYHA I1I-1V, previous
myocardial infarction, diabetes mellitus, hypertension, COPD, history of cerebrovascular accident,
extracardiac arteriopathy, LVEF<30%, type of haemodynamic dysfunction (aortic valve stenosis or
regurgitation), associated procedures, CPB time, Cross-clamp time, period when operation was
performed (2000-2009 or 2010-2019), occurrence or at least one postoperative complication OR
single complication, pacemaker implantation.

A p-value of <0.05 was considered statistically significant.


https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/lifeexpectancies/datasets/singleyearlifetablesuk1980to2018
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/lifeexpectancies/datasets/singleyearlifetablesuk1980to2018
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Statistical analyses were performed using the Stat-View Statistical Software Package 5.0 (SAS
Institute, Inc., Cary, NC, USA), NCSS 2001 (Number Cruncher Statistical System, Kaysville, Utah)

and Stata/MP version 13 (StataCorp, College Station, Texas 77845 USA).

Results

Preoperative characteristics and operative data

During the period 2000 — 2019, 1870 patients aged 80 and over underwent first time surgical aortic

valve replacement.

There was a progressive increase in the number of surgical aortic valve replacement procedures with
octogenarian and older patients accounting for almost the 30% of the overall population undergoing
aortic valve surgery. Table 1 reports the preoperative characteristics of our population; Figure 1 and
Supplemental Table 1 detail about patients’ characteristics and number of procedures for every 5-

year interval time.

Mean patients’ age was 84 (SD: 3) years and among them 53% (987/1870) were male. Logistic
EuroSCORE was 13.3% (SD: 7.2%). Forty percent of the patients presented with a NYHA class Il1-
IV; admission with advanced heart failure symptoms was more common at the beginning of our study
period (2000 — 2004) with 63% of the patients presenting a marked functional limitation compared
with the 31% of the cases in the period 2015 — 2019 (p<0.001). Similarly, preoperative creatinine>
200 pmol/L was more common in the early period (7%), while its prevalence declined to 3% in 717
patients operated during 2010-2014 and to 1% in 600 patients operated between 2015 and 2019

(Supplemental Table 1).
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Isolated aortic valve replacement was performed in 42% of the patients (790/1870), details of the

associated procedures and operative times are reported in Table 2.

Early outcomes

The postoperative course before hospital discharge was complicated in 9.6% of the cases. Reopening
for bleeding or tamponade was necessary in 57 patients (3%); a new neurologic deficit was reported
in 47 patients (2.5%) and among them 28 suffered a new permanent cerebral stroke (1.5%); 57
patients (3.0%) required renal replacement therapy; a permanent pacemaker was implanted in 78

cases (4.1%) before hospital discharge.

Overall in-hospital mortality was 3.2% (60/1870) at a median time of 11 days (3, 30). In-hospital
mortality after isolated aortic valve replacement was 2.2% (18/790) at a median time of 14 days (4,
33). The mortality rate decreased significantly over time from 6% (9/150) in the period 2000 — 2004

to 1.5% (9/600) in the period 2015-2019 (p=0.006). Table 3 and Supplemental Table 1.

In 54% of the cases (977/1810), patients were discharged at home while in the remaining cases a
further period of rehabilitation, nursing or medical assistance was required. The overall median

postoperative length of stay was 10 (8, 15) days (Table 3 and Supplemental table 1).

During the first 6 months there were further 83 deaths among patients who were discharged from

hospital for an overall 6-month mortality of 7.6%.

Long-term outcomes

During a median follow-up of 4.6 (3.5, 11.0) years, there were 907 deaths including in-hospital
mortality. The survival probabilities at 1-year, 5-years, 10-years and 15-years from the date of surgery
were 90% (SE: 0.7%), 66% (SE: 1.2%), 31% (SE: 1.6%) and 14% (SE: 2.0%), respectively (Figure

10
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2). There was no significant difference in survival between the study population and an age- and sex-

matched general English population (log-rank test p=0.96), Figure 3.

The survival for patients who experienced at least one postoperative complication (reopening, new
neurologic deficit, renal replacement therapy, deep sternal wound infection) was 71% (SE: 3.7%),
46% (4.2%) and 18% (SE: 4.2%) at 1-year, 5-years and 10-years from the date of surgery,
respectively. It was significantly lower (log rank test p=0.002) when compared with the survival of
patients who had an uncomplicated postoperative course, 92% (SE: 0.7%) at 1-year, 68% (SE: 1.3%)
at 5-years, 33% (SE: 1.7%) at 10-years. Similarly, patients who were operated during the period 2000-
2009 showed a significantly lower survival compared with patients who underwent surgery during
the period 2010-2019: 10-y survival 27% (SE: 1.9%) vs 41% (SE: 2.5%), respectively (log rank test,

p=0.002).

Supplemental Figure 1 provides a graphical view of the impact of the occurrence of postoperative
complication(s) and the time of surgery on 10-year survival when compared with the expected

survival of an age- and sex-matched general English population.

A Cox regression, with follow-up starting at the discharge date, was performed to study independent
predictors for late mortality in patients who were successfully discharged from hospital. Alongside
co-existent preoperative comorbidities (previous myocardial infarction, extracardiac arteriopathy), a
complicated postoperative course (p=0.026; HR 1.32, ClI 1.03 to 1.68) and surgery in the first 10 years
of the study period (p=0.003; HR 1.25, Cl 1.08 to 1.46) were independent risk factors for mortality

at the long-term (Table 4 and Table 5).

11
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Discussion

Nowadays cardiac surgery can be performed safely in octogenarians and older patients. Several
studies reported favourable early and mid-term outcomes across all the spectrum of cardiac diseases
and surgical procedures including CABG, aortic valve and aortic surgery, mitral valve surgery and

emergency operation (9)(10)(11)(18)(19).

Aortic valve surgery represents one of the most common operations undertaken in people aged over
80 years as, in our experience, they accounted for more than one fourth of the global cases of surgical
aortic valve replacement. In these patients, we have found an in-hospital mortality rate of 3.2% over
a 20-year period with a progressive and significant reduction of the mortality rate across the years
(1.5% in the last period). Our data confirmed recent findings reporting an early mortality rate of 2%
in octogenarian and older patients undergoing surgical aortic valve replacement (9)(10)(11).
Alongside this evidence of procedural safety, other studies have highlighted that the mid-term
survival of elderly patients with aortic valve stenosis is dramatically improved by aortic valve
replacement (68% surgery vs. 22% medical therapy at 5-years) (12) and that this longer life-

expectancy is characterised by an acceptable quality of life and independent functional status (6).

We have further explored the long-term outcome of these patients and reported a survival rate of 31%
at 10-year and 14% at 15-year follow-up. No long-term data from similar surgical populations were
available for a comparison, however, we found that the 10-year survival probability of our patients

was not different from the survival rate of an English age- and sex-matched population.

Preoperative status and comorbidities play a major role in determining long-term survival. In more
recent years, people aged 80 and over underwent surgery in a better functional status and less
frequently presented with severe chronic kidney dysfunction and history of previous myocardial
infarction, nevertheless the population operated in the last period of observation had a significantly
lower mean logistic EuroSCORE value. Reasons for this shift in practice lie probably in an earlier

referral driven by a new awareness of the benefits of surgery also in elderly people, the confidence in
12
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surgical results and the availability of alternative interventional procedures associated with an
established activity of the Heart VValve Team in evaluating frail, high risk and elderly patients. These
changes in preoperative management and the possibility of undertaking a cardiac operation before
the development of advanced heart failure symptoms, translated in a lower early mortality and a better

long-term outcome.

Despite a low perioperative death rate, the first postoperative months were burdened by a significant
mortality. This represents a common finding (5)(6)(18) and underlines the vital importance of
preserving the already reduced functional reserves of frail and comorbid patients. Prolonged operative
times has been extensively associated with perioperative mortality and morbidity in octogenarians
undergoing cardiac surgery (3)(8)(20). A complicated postoperative course may also expose these
elderly patients to a difficult and prolonged recovery and has been associated with a worse outcome
during the first year since surgery with a mortality at 1-year of 67% in patients requiring postoperative
dialysis and 35% in patients suffering perioperative cerebral stroke (8). In our experience, any
deviation from an uncomplicated postoperative course was significantly associated with a worse
survival at long-term follow-up. Particularly, new permanent cerebral injury after surgery was an
independent predictor of long-term mortality, as it can affect the postoperative recovery and patients’

quality of life and independence.

We recorded a lower in-hospital mortality and a better long-term survival in patients operated during
the period 2010-2019. There were no significant technical changes in the intraoperative management
of these patients throughout the study period; full sternotomy was the common surgical access and
conventional stented prostheses were used. Noteworthy, the last 10 years have been characterised by
the establishment and the progressive growing of a transcatheter aortic valve implantation

programme.

The implementation of a TAVI programme has been associated with an increase in overall aortic

valve intervention and surgical aortic valve replacement activities (21)(22). Similarly to our findings,

13
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a French administrative hospital-discharge database showed that the introduction of TAVI procedures

translated in an earlier referral with an improved patients’ preoperative clinical profile (22).

In French and German nationwide experiences the number of TAVI procedures is now exceeding
the surgical activity (22)(23) and this is particularly evident in patients aged over 80 years (22). A
less invasive procedure can undoubtedly be associated with a lower degree of postoperative morbidity
especially in high-risk elderly patients (11). Transcatheter procedures have been associated with a
lower risk of bleeding and postoperative renal failure compared with surgical aortic valve replacement
(11) and, according to our findings, this could translate in a potential benefit on survival. However,
several observational studies have failed to demonstrate, so far, a difference in early mortality after
TAVI vs surgical aortic valve replacement in elderly patients (11)(22)(23). No data are available of
mid- and long-term outcomes after transcatheter procedures in low-risk octogenarians and, generally,
the impact of prosthesis degeneration and paravalvular regurgitation has not been investigated on the
long-term due to the inclusion of cohort of patients with reduced life-expectancy (survival<30% at 5-

years) (24).

On these bases, in our practice, advanced age alone does not represent a sufficient factor to favour a
transcatheter procedure over conventional surgery. In our experience, a better preoperative functional
status and the careful selection of surgical candidates, while offering transcatheter procedures to
higher-risk patients, were the two most important factors that ultimately led to a reduced incidence
of postoperative complications, lower early mortality, better late outcomes and the opportunity to
offer an interventional treatment (conventional surgery OR transcatheter procedure) to a wider

population of elderly patients.

Within the limitations of a single-centre retrospective evaluation, we have reported in a large
population an historical view of long-term outcomes of patients aged 80 and older who underwent

surgical aortic valve replacement. This evidence represents a reliable picture of the contemporary
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surgical outcomes of aortic valve surgery in elderly patients and could represent a benchmark for the

forthcoming long-term results of non-surgical interventional treatment of aortic valve disease.

Conclusions

Conventional surgical aortic valve replacement during the last 20 years provided a safe and successful
treatment for aortic valve disease in elderly patients with an in-hospital mortality that in more recent
years was for both isolated and combined procedures below 2%. An early surgical referral before the
development of advanced signs of heart failure and the availability of alternative interventional
procedures and a careful patients’ selection, contributed to a progressive and significant reduction of

postoperative complications and periprocedural mortality, and led to an improved long-term survival.
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Figures

Figure 1. Trend in aortic valve replacement in patients aged 80 years and over during the period 2000

—20109.

Figure 2. Kaplan-Meier survival curve, with starting point on the date of surgery, for the overall

population who underwent surgical aortic valve replacement.

Figure 3. Survival curves of study population patients aged [80 — 90] years and of an age- and sex-
matched general English population (log-rank test p=0.96) At 10-year follow-up, observed survival
was 33% (SE: 1.6%) and expected survival 33% (SE: 1.1%). Time from surgery was considered for

the observed survival.

[https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/lifeexpectancie

s/datasets/singleyearlifetablesuk1980t02018].
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Tables

Table 1. Preoperative characteristics

Variables

Mean (SD) or Number (%)

Number of patients 1870

Gender M/F 987/883 (53%/47%)
Age (y) 84 (SD: 3)

Previous myocardial infarction 151 (8%)

NYHA class -1V 739 (40%)

Diabetes Mellitus 178 (9%)
Hypertension 1223 (65%)
Smoking history 1015 (54%)

COPD 243 (13%)
Creatinine>200 pmol/L 51 (3%)

Cerebral stroke

187 (10%)

Extracardiac arteriopathy 125 (7%)
Aortic valve stenosis 1764 (94%)
LVEF<30% 94 (5%)
Acute infective endocarditis 12 (1%)
Emergency/salvage operation 46 (2%)
Logistic EuroSCORE % 13.3(SD: 7.2)
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Table 2. Operative data

e Mean number of grafts

Variables Mean (SD) or Number (%)
Isolated Aortic Valve replacement 790 (42%)
Associated CABG 956 (51%)

e 1.96 (SD: 0.93)

Associated Mitral Valve surgery 94 (5%)
e Mitral Valve repair o 52 (3%)
e Mitral VValve replacement o 42 (2%)
Associated Tricuspid Valve repair 28 (2%)
Associated aortic surgery 69 (4%)
CPB times (minutes) 101 (SD: 40)
Crossclamp times (minutes) 73 (SD: 28)
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1

Table 3. Postoperative data

e Permanent cerebral stroke

e Transient ischaemic attack

Variables Median [IQR] or Number (%)
Complications 181/1870 (9.6%)

Re-opening for bleeding or tamponade 57 (3.0%)

Continuous veno-venous haemodialysis 57 (3.0%)

Neurologic deficit 47 (2.5%)

o 28(15%)

e 19 (1.0%)

Deep Sternal Wound Infection

9 (0.5%)

Permanent pacemaker implantation
e Pre discharge

e Post discharge

123 (6.5%)
o 78(4.1%)

o 45 (2.4%)

Length of stay (days)

10 (8, 15)

Discharge destination

Home/Rehabilitation

977 (54%) / 833 (46%)

In-Hospital Mortality

Overall 3.2% (60/1870)
Isolated Aortic Valve replacement 2.2% (18/790)
Follow-up (years) 4.6 (3.5,11.0)
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1 Table 4. Predictors of late mortality among survivors by Multivariable Cox analysis with time starting

2 ondischarge date and backward stepwise variables selection [Schoenfeld test p=0.38].

Variables p; HR (95% lower, 95% upper)
Gender male 0.001; 1.26 (1.09, 1.43)

Age (Y) <0.001; 1.07 (1.05, 1.10)
NYHA I11-1V 0.14; 1.11 (0.97, 1.28)
Previous Ml 0.001; 1.43 (1.15, 1.78)

Extracardiac arteriopathy

<0.001; 1.68 (1.31, 2.14)

CPB time (minutes)

0.008; 1.006 (1.001, 1.010)

Crossclamp time (minutes)

0.008; 0.992 (0.986, 0.998)

Operation date
(2010 — 2019 reference)

2000 — 2009

0.003; 1.26 (1.08, 1.46)

Postoperative complication(s)

0.026; 1.32 (1.03, 1.68)
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Table 5. Predictors of late mortality among survivors by Multivariable Cox analysis with time starting

on discharge date and backward stepwise variables selection including each complication

individually [Schoenfeld test p=0.57].

Variables p; HR (95% lower, 95% upper)
Age (Y) <0.001; 1.08 (1.05, 1.10)
Gender male 0.001; 1.27 (1.10, 1.47)
NYHA I11-1V 0.12; 1.19 (0.97, 1.29)
Previous Ml <0.001; 1.45 (1.16, 1.80)

Extracardiac arteriopathy

<0.001; 1.69 (1.33, 2.16)

LVEF<30%

0.12; 1.25 (0.94, 1.66)

CPB time (minutes)

0.016; 1.005 (1.001 — 1.010)

Crossclamp time (minutes)

0.011; 0.992 (0.986, 0.998)

Operation date
(2010 — 2019 reference)

2000 — 2009

0.037; 1.25 (1.08, 1.45)

Postoperative cerebral stroke

<0.001; 2.75 (1.69, 4.46)

Renal replacement therapy

0.075; 1.65 (0.95, 2.87)

22




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

References

1.

Bridges CR, Edwards FH, Peterson ED, Coombs LP, Ferguson TB. Cardiac surgery in
nonagenarians and centenarians. J Am Coll Surg. 2003;197:347-56

Akins CW, Daggett WM, Vlahakes GJ, Hilgenberg AD, Torchiana DF, Madsen JC, et al.
Cardiac operations in patients 80 years old and older. Ann Thorac Surg. 1997;64:606-14

Kolh P, Kerzmann A, Lahaye L, Gerard P, Limet R. Cardiac surgery in octogenarians. Peri-
operative outcome and long-term results. Eur Heart J. 2001;22:1235-1243

Elayda MA, Hall RJ, Reul RM, Alonzo DM, Gillette N, Reul GJ Jr, et al. Aortic valve
replacement in patients 80 years and older. Operative risks and long-term results. Circulation.
1993;88:1111-6

Krane M, Voss B, Hiebinger A, Deutsch MA, Wottke M, Hapfelmeier A, et al. Twenty years
of cardiac surgery in patients aged 80 years and older: risks and benefits. Ann Thorac Surg.
2011;91:506-13

Chaturvedi RK, Blaise M, Verdon J, Igbal S, Ergina P, Cecere R, et al. Cardiac surgery in
octogenarians: long-term survival, functional status, living arrangements, and leisure activities.
Ann Thorac Surg. 2010;89:805-10

Hirji SA, Ramirez-Del Val F, Kolkailah AA, Ejiofor JI, McGurk S, Chowdhury R, et al.
Outcomes of surgical and transcatheter aortic valve replacement in the octogenarians-surgery
still the gold standard? Ann Cardiothorac Surg. 2017;6:453-462

Atladottir HO, Modrau IS, Jakobsen CJ, Torp-Pedersen CT, Gissel MS, Nielsen DV. Impact of
perioperative course during cardiac surgery on outcomes in patients 80 years and older. J
Thorac Cardiovasc Surg. 2020 Mar 19:50022-5223(20)30570-5. doi:
10.1016/j.jtcvs.2020.03.005

El-Essawi A, Follis M, Brouwer R, Breitenbach I, Groeger S, Anssar M, et al. Is aortic valve
replacement with a minimally invasive extracorporeal circuit a contemporary option for

octogenarians? Interactive Cardiovasc Thorac Surg. 2020;31:56-62

23



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

10.

11.

12.

13.

14.

15.

16.

17.

18.

Timek TA, Turfe Z, Hooker RL, Davis AT, Willekes CL, Murphy ET, et al. Aortic valve
replacement in octogenarians with prior cardiac surgery. Ann Thorac Surg. 2015;99:518-23
Sheng SP, Strassle PD, Arora S, Kolte D, Ramm CJ, Sitammagari K, et al. In-Hospital
Outcomes After Transcatheter Versus Surgical Aortic Valve Replacement in Octogenarians. J
Am Heart Assoc. 2019 22;8:e011206. doi: 10.1161/JAHA.118.011206

Varadarajan P, Kapoor N, Bansal RC, Pai RG. Survival in elderly patients with severe aortic
stenosis is dramatically improved by aortic valve replacement: results from a cohort of 277
patients aged >80 years. Eur J Cardiothorac Surg. 2006;30:722-727

Makkar RR, Thourani VH, Mack MJ, Kodali SK, Kapadia S, Webb JG, et al; PARTNER 2
Investigators. Five-Year Outcomes of Transcatheter or Surgical Aortic-Valve Replacement. N
Engl J Med. 2020;382:799-809

Barbanti M, Costa G, Zappulla P, Todaro D, Picci A, Rapisarda G, et al. Incidence of Long-
Term Structural Valve Dysfunction and Bioprosthetic Valve Failure After Transcatheter Aortic
Valve Replacement. J Am Heart Assoc. 2018;7(15):e008440. doi: 10.1161/JAHA.117.008440
Sgndergaard L, Ihlemann N, Capodanno D, Jgrgensen TH, Nissen H, Kjeldsen BJ, et al.
Durability of Transcatheter and Surgical Bioprosthetic Aortic Valves in Patients at Lower
Surgical Risk. J Am Coll Cardiol. 2019 Feb 12;73(5):546-553. doi: 10.1016/j.jacc.2018.10.083
Nashef SA, Roques F, Sharples LD, Nilsson J, Smith C, Goldstone AR, et al. EuroSCORE I1.
Eur J Cardiothorac Surg. 2012;41:734-44

Kappetein AP, Head SJ, Généreux P, Piazza N, van Mieghem NM, Blackstone EH, et al.
Updated standardized endpoint definitions for transcatheter aortic valve implantation: the Valve
Academic Research Consortium-2 consensus document. J Am Coll Cardiol. 2012;60:1438-54
Chivasso P, Bruno VD, Farid S, Malvindi PG, Modi A, Benedetto U, et al. Predictors of survival
in octogenarians after mitral valve surgery for degenerative disease: The Mitral Surgery in

Octogenarians study. J Thorac Cardiovasc Surg. 2018;155:1474-1482

24



10

11

12

13

14

15

16

17

18

19

19.

20.

21.

22,

23.

24,

Igarashi T, Sato Y, Satokawa H, Takase S, Wakamatsu H, Seto Y, et al. The results of an entry-
oriented strategy for acute type A aortic dissection in octogenarians: an 18-year experience. Eur
J Cardiothorac Surg. 2020 Jul 23:ezaal95. doi: 10.1093/ejcts/ezaal95

Rohde SL, Baker RA, Tully PJ, Graham S, Cullen H, Knight JL. Preoperative and intraoperative
factors associated with long-term survival in octogenarian cardiac surgery patients. Ann Thorac
Surg. 2010;89:105-11

Grant SW, Devbhandari MP, Grayson AD, Dimarakis I, Kadir I, Saravanan DM, et al. What is
the impact of providing a transcatheter aortic valve implantation service on conventional aortic
valve surgical activity: patient risk factors and outcomes in the first 2 years. Heart.
2010;96:1633-7

Nguyen V, Michel M, Eltchaninoff H, Gilard M, Dindorf C, lung B, et al. Implementation of
Transcatheter Aortic Valve Replacement in France. J Am Coll Cardiol. 2018;71:1614-27
Eggebrecht H, Mehta R. Transcatheter aortic valve implantation (TAVI) in Germany: more
than 100,000 procedures and now the standard of care for elderly. Eurolntervention.
2019;14:1549-52

Barbanti M, Costa G, Zappulla P, Todaro D, Picci A, Rapisarda G, et al. Incidence of Long-
Term Structural Valve Dysfunction and Bioprosthetic Valve Failure After Transcatheter Aortic
Valve Replacement. J Am Heart Assoc. 2018 Aug 7;7(15):e008440.doi:

10.1161/JAHA.117.008440

25



Figure 1 Click here to access/download;Figure;figure 1.pdf =

800 16
700 14
600 12

]

S 500 10

=

©

a

“—

o

9 400 8 X

IS

>

[
300 6
200 4
100 2

0 0
2000-2004 2005-2009 2010-2014 2015-2019
N number of patients 150 403 717 600
== in-hospital mortality (%) 6 4,7 3,2 1,5

LogES (%) 15 13,9 13,3 12,4


https://www.editorialmanager.com/ejcts/download.aspx?id=261258&guid=8f4ad1ae-1df2-4d21-aa92-2cfe966dd083&scheme=1
https://www.editorialmanager.com/ejcts/download.aspx?id=261258&guid=8f4ad1ae-1df2-4d21-aa92-2cfe966dd083&scheme=1

Figure 2 Click here to access/download;Figure;Figure :
100 2.2.pdf

90
80
70
60

50

survival %

40
30
20

10
1616 824 151 12

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Time from surgery (years)


https://www.editorialmanager.com/ejcts/download.aspx?id=261260&guid=9d898835-f95f-46ac-a6b7-391de77f0fe8&scheme=1
https://www.editorialmanager.com/ejcts/download.aspx?id=261260&guid=9d898835-f95f-46ac-a6b7-391de77f0fe8&scheme=1

Figure 3 Click here to access/download;Figure;Figure
3.2.pdf

Observed survival from surgery

100

90

80

70

60

50

survival %

40

30

20
10 1591 814 75

0
0 1 2 3 4 5 6 7 8 9 10

Time (years)


https://www.editorialmanager.com/ejcts/download.aspx?id=261261&guid=528f26a8-ceae-4c17-91b6-5ccb9bda250d&scheme=1
https://www.editorialmanager.com/ejcts/download.aspx?id=261261&guid=528f26a8-ceae-4c17-91b6-5ccb9bda250d&scheme=1

Supplementary Figure 1

Click here to access/download
Supplementary material
Figure 4.2.pdf


https://www.editorialmanager.com/ejcts/download.aspx?id=261262&guid=29161007-6b98-47a4-b573-41396d9e22a7&scheme=1

Supplementary material

Click here to access/download
Supplementary material
Supplementary materials revised 2.docx


https://www.editorialmanager.com/ejcts/download.aspx?id=261263&guid=13b4ed3f-c343-4933-8866-2b68dd3198b1&scheme=1

