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Abstract
Background  With the introduction of transcatheter aortic valve implantation, the role of surgical aortic valve 
replacement (SAVR) in elderly patients has been called into question. We investigated the short-term outcomes of 
SAVR in the elderly population.

Methods  All patients aged ≥ 70 years who underwent isolated SAVR in our centre between 2008 and 2017 
were included in the study. Survival at 30 days and 1 year were compared for patients aged 70–79 years (n = 809) 
versus patients aged ≥ 80 years (n = 322). Factors associated with poorer survival outcomes were identified using 
multivariable Cox regression analysis.

Results  Patients aged 70–79 years and patients aged ≥ 80 years had similar survival rates at 30 days (98.1% vs. 98.4%, 
p = 0.732) and 1 year (96.0% vs. 94.1%, p = 0.162) post-SAVR. This remained true after multivariable adjustment. Risk 
factors for 30 day all-cause mortality included insulin dependent diabetes (HR 6.17, 95% CI 1.32–28.92, p = 0.021) 
and increasing cardiopulmonary bypass time (HR 2.72, 95% CI 1.89–3.91, p < 0.0001). Significant risk factors for 1 year 
all-cause mortality were New York Heart Association (NYHA) class IV (HR 6.25, 95% CI 1.55–25.24, p = 0.010) and longer 
cardiopulmonary bypass time (HR 1.94, 95% CI 1.40–2.69, p < 0.0001). Similar results were obtained for cardiac-specific 
mortality.

Conclusions  Short-term outcomes of SAVR are excellent in elderly patients and age alone is not a predictor of poorer 
outcomes. However, the increased risk of mortality in patients with insulin-dependent diabetes and those with severe 
functional impairment (NYHA class IV) should be carefully considered when selecting patients for SAVR in this elderly 
population.
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Introduction
The prevalence of aortic stenosis (AS) increases with age 
and is estimated to be around 10–13% in people over the 
age of 80 years [1, 2]. This is expected to increase further 
as the population continues to age [3]. Elderly patients 
with AS pose a therapeutic challenge as they often have 
complex comorbidity, frailty and rehabilitation issues. 
Surgical aortic valve replacement (SAVR) can offer a 
considerable improvement in survival and quality of life 
but comes with significant potential risks, particularly in 
this elderly population. The introduction of transcatheter 
aortic valve implantation (TAVI), a less invasive proce-
dure with comparable results to SAVR [4], has called into 
question the role of SAVR in elderly patients.

In the UK, TAVI is recommended for patients who 
are unsuitable for surgery due to high operative risk [5, 
6]. This practice is based on current guidelines, usually 
without consideration of the frailty status of the patient. 
Indeed, the most recent American College of Cardiology 
(ACC) and American Heart Association (AHA) guide-
lines make a Class 1 A recommendation for transfemoral 
TAVI in preference to SAVR for patients above the age of 
80 years who have severe, symptomatic AS and suitable 
anatomy [7].

The aim of this study was to compare 30-day and 1-year 
survival after SAVR for patients aged 70–79 years versus 
those aged 80 years and over, as well as to identify the 
risk factors which impact outcomes after SAVR in this 
elderly population.

Methods
This was a single-centre analysis of all consecutive 
patients undergoing isolated SAVR in the Golden Jubilee 
National Hospital, Glasgow between 1 April 2008 and 31 
January 2017 with follow-up until 31 January 2018. After 
excluding patients younger than 70 years old and those 
with missing data, the final study population included 
1131 patients (Fig.  1). All patients had a minimum of 
1-year follow-up. Patient demographics, medical history, 
operative details, discharge destination and mortality 
data were extracted from the prospectively maintained 
hospital electronic record system. The impact of cardiac 
disease on patient functional status was recorded as per 
the New York Heart Association (NYHA) classification 
system [8].

Clinical outcomes were compared for patients aged 
70–79 versus patients aged 80 years and over. The pri-
mary outcome was survival at 30 days and at 1 year. 
Secondary outcomes were risk factors predictive of mor-
tality after SAVR at 30 days and 1 year. Data on cause of 

mortality was collected from Information Services Divi-
sion (ISD) Scotland and General Register Office Scotland 
(GROS) databases. All-cause mortality and cardiac-spe-
cific mortality were analysed separately. Categorical data 
were presented as number and percentage and compared 
with chi-squared tests. Non-parametric continuous data 
were presented as median and inter-quartile range and 
compared with Mann-Whitney U tests. Survival was cal-
culated using the Kaplan Meier method with log-rank 
test. Multivariable analysis was undertaken using Cox 
proportional hazards regression to identify factors asso-
ciated with poorer survival. Individual models were cre-
ated for 30-day and 1-year survival as well as for all-cause 
and cardiac mortality. A decision was made a priori to 
include the variables age group, year of procedure and 
sex in all models. Other variables with p < 0.1 on uni-
variable analysis were tested for inclusion in multivari-
able models and those leading to a significant (p < 0.05) 
change in log likelihood were retained using a manual 
backward elimination method. Potential interactions 
between all variables were tested and none were found to 
be significant. All data were analysed using SAS 9.4 (SAS 
Institute, Cary, NC, USA).

Results
A total of 1131 patients were included in the study, com-
prising 809 patients aged 70–79 years and 322 patients 
aged 80 years and over. The two groups of patients had 
similar baseline characteristics, except for a higher 
proportion of females in the 80 years and over group 
(Table 1). In both groups the majority of operations were 
elective, used biological valves and had a median cardio-
pulmonary bypass (CPB) time of approximately 1.5  h. 
The distribution of NYHA category and left ventricular 
ejection fraction was similar between the two groups, as 
was the proportion of patients with pre-operative diabe-
tes, hypertension, peripheral vascular disease and neuro-
logical dysfunction.

There were no significant differences in discharge des-
tination between the two groups, with the large major-
ity being discharged home (Fig.  2). There was also no 
significant difference in the proportion of inpatient 
deaths between the two groups (2.9% in the 70-79-year-
old group versus 3.8% in the 80 years and over group, 
p = 0.672).

30-day survival  There was no significant difference 
in 30-day survival for all-cause mortality after SAVR 
between patients aged 70–79 years (98.1%, 95% confi-
dence interval [CI] 96.9–98.9) versus those aged 80 years 
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and over (98.4%, 95% CI 96.3–99.4) (Fig. 3). This remained 
the case after adjusting for confounding factors in the 
multivariable analysis (hazard ratio [HR] 0.84, 95% CI 
0.30–2.33, p = 0.741 for 80 years and over versus 70–79 
years), as shown in Table  2. The multivariable analysis 
also identified diabetes requiring insulin (HR 6.17, 95% CI 
1.32–28.92, p = 0.021) and increasing CPB time (HR 2.72, 
95% CI 1.89–3.91, p < 0.0001 for each additional hour of 
bypass time) as significant risk factors for 30-day all-cause 
mortality after SAVR (Table 2).
Similarly, there was no significant difference in 30-day 
cardiac-specific mortality after SAVR between the two 
groups (98.5% survival, 95% CI 97.4–99.2 for 70–79 years 
versus 98.4% survival, 95% CI 96.3–99.4 for 80 years and 
over, p = 0.931) (Fig. 4).

In multivariable analysis, there continued to be no dif-
ference in 30-day cardiac mortality between the two 
age groups (HR 1.01, 95% CI 0.35–2.89, p = 0.984 for 80 
years and over versus 70–79 years) (Table  3). Signifi-
cant risk factors for 30-day cardiac mortality after SAVR 
included diabetes requiring insulin (HR 7.31, 95% CI 
1.51–35.47, p = 0.014) and CPB time (HR 3.01, 95% CI 
2.09–4.32, p < 0.0001 for each additional hour of CPB 
time) (Table 3).

1-year survival  At 1 year, there was no significant differ-
ence in survival (all-cause mortality) after SAVR between 
patients aged 70–79 (96.0%, 95% CI 94.5–97.2) and 80 

years and over (94.1%, 95% CI 90.9–96.2) (Fig.  5). This 
remained true after adjustment using multivariable analy-
sis (HR 1.46, 95% CI 0.81–2.61, p = 0.206 for 80 years and 
over versus 70–79 years), Table 4. The multivariable anal-
ysis showed that higher NYHA category and increased 
CPB time were significant risk factors for 1-year all-cause 
mortality after SAVR (Table 4).
In terms of cardiac mortality, there was no significant dif-
ference in survival after SAVR between the two groups 
(97.1% survival, 95% CI 95.7–98.1 for 70–79 years ver-
sus 95.6% survival, 95% CI 92.7–97.4 for 80 years and 
over, p = 0.204) (Fig.  6). In multivariable analysis, there 
continued to be no difference in 1-year cardiac mortal-
ity between the two groups (HR 1.51, 95% CI 0.77–2.94, 
p = 0.227 for 80 years and over versus 70–79 years) 
(Table 5). Significant risk factors for 1-year cardiac mor-
tality after SAVR included higher NYHA category and 
longer CPB time (Table 5).

Of note, aortic cross clamp time was significantly asso-
ciated with 30-day and 1-year survival on univariate anal-
ysis in all models, however it became non-significant on 
multivariable analysis. This is likely because it is a con-
founder for overall CPB time and when both variables 
are included in the multivariable model, overall CPB time 
has a stronger association with the outcomes and hence 
was preferentially retained in the model.

Fig. 1  Flowchart showing selection of study population
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Discussion
The standard of care for definitive treatment of severe, 
symptomatic AS has been SAVR, as recommended by 
international guidelines [5]. The longevity of SAVR has 

Table 1  Baseline characteristics of patients included in the study
Variable Age 70 - 79 years

(n = 809)
Age ≥ 80 years
(n = 322)

p-value

Gender (n, %) 0.021
Male 383 (47.3%) 128 (39.8%)
Female 426 (52.7%) 194 (60.3%)
Urgency (n, %) 0.260
Elective 711 (87.9%) 275 (85.4%)
Emergency 98 (12.1%) 47 (14.6%)
Redo operation (n, %) 2 (0.25%) 0 (0.00%) 0.372
Implant valve (n, %) 0.178
Mechanical 17 (2.1%) 3 (0.9%)
Biological 792 (97.9%) 319 (99.1%)
Cardiopulmonary bypass time in minutes (median, IQR) 93 (80–109) 91 (76–106) 0.672
Aortic cross clamp time in minutes (median, IQR) 68 (59–81) 67 (58–79) 0.111
NYHA category (n, %) 0.423
I 94 (11.6%) 27 (8.4%)
II 375 (46.4%) 151 (46.9%)
III 313 (38.7%) 134 (41.6%)
IV 27 (3.3%) 10 (3.1%)
Left ventricular ejection fraction (n, %) 0.599
Good (> 50%) 689 (85.2%) 275 (85.4%)
Moderate (31–50%) 100 (12.4%) 35 (10.9%)
Poor (21–30%) 19 (2.4%) 11 (3.4%)
Very poor (< 21%) 1 (0.1%) 1 (0.3%)
Diabetes (n, %) 0.123
Yes – dietary control 39 (4.8%) 18 (5.6%)
Yes – oral medicine 103 (12.7%) 26 (8.1%)
Yes – insulin 21 (2.6%) 6 (1.9%)
Hypertension history (n, %) 568 (70.2%) 215 (66.8%) 0.258
Peripheral vascular disease (n, %) 97 (12.0%) 28 (8.7%) 0.111
Neurological dysfunction (n, %) 22 (2.7%) 4 (1.2%) 0.135
NYHA, New York Heart Association

Fig. 3  30-day survival (all-cause mortality)

 

Fig. 2  Discharge destination by age group
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been demonstrated by numerous studies. Bouhout et al. 
[9] showed excellent outcomes in a cohort of 450 patients 
under the age of 65 years who underwent mechani-
cal SAVR with actuarial survival at 1, 5, and 10 years of 
98 ± 1%, 95 ± 1%, and 87 ± 1%, respectively. Actuarial free-
dom from prosthetic valve dysfunction was 99 ± 0.4%, 
95 ± 1%, and 91 ± 1% at 1, 5, and 10 years, respectively. 
Actuarial freedom from valve reintervention in this study, 
was 98 ± 1%, 96 ± 1%, and 94 ± 1% at 1, 5 and 10 years, 
respectively. Similarly, Bourguignon et al. conducted a 
20-year follow-up of the Carpentier-Edwards Perimount 
pericardial aortic valve bioprosthesis in 2659 patients 
aged 50–65 years and showed excellent outcomes, with 
expected valve durability of 19.7 years for the entire 
cohort [10]. Yoshikawa et al. [11] studied long-term out-
comes of 1202 patients, with a median age of 76 years, 

who underwent SAVR with the Mosaic aortic porcine 
prosthesis. The authors noted that 12-year actuarial sur-
vival rate was 59.9 ± 7.5%, and freedom from valve-related 
death was 81.1 ± 7.9%. Freedom from reoperation was 
86.4 ± 2.6% at 12 years. Freedom from structural valve 
deterioration at 12 years was 93.5 ± 2.9% for patients aged 
above 65 years and 98.2 ± 1.8% for those aged below 65 
years. Cappabianca et al. [12] reported 12-year outcomes 
in octogenarians who had undergone SAVR. The authors 
noted that there was no statistically significant difference 
in long-term survival of the cohort when compared to 
an age- and gender-matched general population living in 
the same area. Mechanical and tissue SAVR have there-
fore demonstrated long-term durability across a wide age 
spectrum.

In 2002, Cribier performed the first TAVI, on a patient 
with calcific AS in cardiogenic shock, with multiple co-
morbidities and who was deemed inoperable. Excel-
lent valvular function and haemodynamic results were 
obtained but, unfortunately, the patient died 17 weeks 
later due to non-cardiac causes, including worsening 
of pre-procedural limb ischaemia [13]. TAVI has since 
evolved to become the intervention of choice in those 
unsuitable for surgery, as demonstrated in the first of the 
PARTNER trials [14]. Subsequent trials have shown that 
TAVI was a non-inferior alternative to surgery in patients 
with severe AS and intermediate surgical risk [15, 16] 
and, more recently, in low-risk patients [17, 18]. The 
NOTION trial demonstrated equivalent composite out-
comes of all-cause mortality, stroke or myocardial infarc-
tion (MI) for TAVI versus SAVR at 5 years in a cohort of 
low-risk patients aged above 70 years [19]. However, the 
same authors noted that in those patients who had under-
gone TAVI, the incidence of moderate/severe total aortic 

Table 2  Multivariable analysis of factors affecting 30-day all-
cause mortality
Variable Hazard 

ratio
95% 
CI

p-value

LCL UCL
Age group
70–79 1 (ref )
≥ 80 0.84 0.30 2.33 0.741
Year of procedure (per year) 0.91 0.75 1.11 0.358
Sex
Male 1 (ref )
Female 1.47 0.59 3.64 0.401
Diabetes
No 1 (ref )
Yes (dietary control) 1.42 0.19 10.90 0.734
Yes (oral medicine) 0.90 0.20 4.03 0.893
Yes (insulin) 6.17 1.32 28.92 0.021
Cardiopulmonary bypass time 
(per hour)

2.72 1.89 3.91 < 0.0001

CI, confidence interval; LCL, lower confidence limit; UCL, upper confidence limit.

Table 3  Multivariable analysis of factors affecting 30-day cardiac 
mortality
Variable Hazard 

ratio
95% 
CI

p-value

LCL UCL
Age group
70–79 1 (ref )
≥ 80 1.01 0.35 2.89 0.984
Year of procedure (per year) 0.92 0.74 1.14 0.442
Sex
Male 1 (ref )
Female 1.78 0.65 4.89 0.263
Diabetes
No 1 (ref )
Yes (dietary control) 1.77 0.23 13.75 0.587
Yes (oral medicine) 0.54 0.07 4.24 0.559
Yes (insulin) 7.31 1.51 35.47 0.014
Cardiopulmonary bypass time 
(per hour)

3.01 2.09 4.32 < 0.0001

CI, confidence interval; LCL, lower confidence limit; UCL, upper confidence limit

Fig. 4  30-day survival (cardiac mortality)
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regurgitation (8.2% versus 0.0%, P < 0.001) and need for 
a new permanent pacemaker (PPM) (43.7% versus 8.7%, 
P < 0.001) was significantly higher than in the SAVR 
group. Concerns have been raised by numerous authors 
about the long-term durability of the TAVI prostheses 
[20], rates of paravalvular leak (PVL) [21] and the need 
for a new PPM [21]. A Cochrane review from 2019 ana-
lysed the pooled results of four randomised controlled 

trials (RCTs) of TAVI versus SAVR in 2818 low-risk 
patients, most of whom were older than 70 years. The 
authors concluded that there was probably little or no 
difference in the short-term outcomes of all-cause and 
cardiac-specific mortality, stroke or MI. TAVI was asso-
ciated with reduced risk of atrial fibrillation (AF), acute 
kidney injury (AKI), bleeding and, possibly, short-term 
rehospitalisation but at the expense of increased PPM 
implantation [22].

The impact of short-term complications of TAVI upon 
quality of life and mortality were assessed by Arnold et al. 
following the Partner 2 trial of intermediate and high-risk 
patients. They found that major stroke and stage 3 AKI 
were associated with markedly increased risk for 1-year 
mortality, as well as poorer quality of life amongst sur-
vivors. Additionally, moderate or severe PVL and life-
threatening or major bleeding were associated with a 
modest increase in mortality and decrease in quality of 
life [23]. Furthermore, reintervention, whether surgi-
cal or TAVI valve-in-valve, would increase overall costs 
and potentially offset initial savings. Therefore, whether 
a healthcare system is funded by insurance, taxation or 
individual payment, there are ethical issues in proceeding 
with a treatment of unknown long-term cost-effective-
ness and durability.

One fundamental omission in previous TAVI trials is 
that frailty of patients has not been analysed separately. 
Advanced age has been associated with frailty in a biased 

Table 4  Multivariable analysis of factors affecting 1-year all-
cause mortality
Variable Hazard 

ratio
95% 
CI

p-value

LCL UCL
Age group
70–79 1 (ref )
≥ 80 1.46 0.81 2.61 0.206
Year of procedure (per year) 1.02 0.91 1.15 0.702
Sex
Male 1 (ref )
Female 1.10 0.62 1.95 0.757
NYHA category
I 1 (ref )
II 1.57 0.47 5.28 0.467
III 1.61 0.47 5.48 0.444
IV 6.25 1.55 25.24 0.010
Cardiopulmonary bypass time 
(per hour)

1.94 1.40 2.69 < 0.0001

CI, confidence interval; LCL, lower confidence limit; UCL, upper confidence limit; 
NYHA, New York Heart Association

Fig. 5  1-year survival (all-cause mortality)
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manner. Although 23% of the total global burden of dis-
ease is attributable to disorders in people aged 60 years 
and older [24–26], there is no simple correlation between 
age and frailty. Current ESC/EACTS guidelines [5] sug-
gest considering TAVI in patients over the age of 75 
years and AHA/ACC guidelines [7] in those older than 
80 years. These guidelines are likely to heavily influence 

multi-disciplinary meetings and decision-making regard-
ing intervention route in these patients.

Age per se is not a risk factor for excess mortality after 
SAVR [18]. Our study further supports this. Modal-
ity of treatment of aortic valve disease should not be 
decided on the patient’s age alone. As physicians treat-
ing elderly patients, we need to embrace the concept of 
frailty, which is a recognised clinical entity independent 
of age, co-morbidity and disability. It is defined as a state 
of reduced physiological reserve and is associated with 
an increased susceptibility to poor healthcare outcomes 
[27]. Frailty has been shown to be associated with poorer 
outcomes in all surgical specialties in the short- and long-
term [28–30]. Although frailty now features in the most 
recent international guidelines [5, 7], we feel that it has 
not become widely incorporated into routine clinical 
practice. There are various methods and scoring systems 
to assess and quantify frailty, such as the 5-metre walking 
time test [31, 32] and Edmonton frailty scale [27], which 
are simple, reproducible and objective. These assessment 
tools could be used to assess frailty in elderly patients 
awaiting aortic valve intervention.

A male aged 65 years in the UK can now expect to live, 
on average, to 83.2 and a female of the same age to 85.7 
[33]. At present, there is insufficient evidence to advo-
cate the use of TAVI as definitive treatment for severe, 
symptomatic AS, to the exclusion of SAVR. Frailty, 
and not chronological age, should be one of the major 

Table 5  Multivariable analysis of factors affecting 1-year cardiac 
mortality
Variable Hazard 

ratio
95% 
CI

p-value

LCL UCL
Age group
70–79 1 (ref )
≥ 80 1.51 0.77 2.94 0.227
Year of procedure (per year) 1.02 0.89 1.17 0.766
Sex
Male 1 (ref )
Female 1.09 0.56 2.11 0.805
NYHA category
I 1 (ref )
II 3.53 0.57 26.75 0.221
III 3.99 0.53 30.27 0.181
IV 12.26 1.36 11.61 0.026
Cardiopulmonary bypass time 
(per hour)

2.08 1.48 2.93 < 0.0001

CI, confidence interval; LCL, lower confidence limit; UCL, upper confidence limit; 
NYHA, New York Heart Association

Fig. 6  1-year survival (cardiac mortality)
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determinants of intervention modality. We recommend 
incorporating a measure of frailty in the decision-mak-
ing process for elderly patients awaiting aortic valve 
intervention.

In this single-institution study, we have demonstrated 
no statistically significant difference in 30-day and 1-year 
all-cause and cardiac-specific mortality after SAVR 
between two groups of elderly patients (70–79 year 
olds versus those older than 80 years). The factors that 
contributed to increased 30-day all-cause and cardiac-
specific mortality in these patients were increased CPB 
time and the presence of diabetes requiring insulin. The 
factors that contributed to increased 1-year all-cause 
and cardiac mortality were preoperative NYHA class 
IV symptoms, which reflects the degree of preoperative 
heart failure, and increased CPB time. Apart from these 
risk factors, age group per se did not influence the 30-day 
and 1-year all-cause or cardiac mortality of this elderly 
cohort undergoing SAVR.

In a comparable study, Hussain et al. [34] analysed 
morbidity and mortality after SAVR in 351 patients cat-
egorised into age below 70 years, 70–79 and above 80. 
Median 1-year survival was 97%, 95% and 94%, respec-
tively. In contrast to our study, they found a statistically 
significant difference between each of the age groups. 
Additionally, despite an increased rate of post-operative 
delirium and infection in the over 80 group, length of 
stay, rehospitalisation rate and risks of PPM, stroke, MI 
and heart failure were similar between the study groups.

Limitations of the study
This study has a number of limitations. Firstly, the data 
are from a single centre and, therefore, applicability to 
a wider patient cohort will be affected by local patient 
demographics, clinical practices and institutional pro-
tocols. Secondly, as this was not a randomised study, 
the effect of selection bias on the study population is 
unknown. A number of elderly patients may have been 
referred for TAVI or medical therapy and, therefore, not 
selected for surgery due to co-morbidities, frailty, patient 
choice and referring physician preference. Thirdly, 
although the two age groups were fairly well-matched 
with regard to baseline characteristics, there was a 
higher proportion of women in the group aged 80 years 
and above. This could also represent a degree of selec-
tion bias, for instance, if there are biological differences 
between age-matched men and women causing the lat-
ter to be more likely to be referred for SAVR. Since there 
is conflicting evidence regarding gender-specific differ-
ences in outcomes following SAVR [35], the effect of this 
discrepancy is unknown.

Further study should involve longer-term follow-up 
and, moreover, more detailed analysis of pre-operative 
and post-operative characteristics. Data on frailty and 

co-morbidities, such as coronary, pulmonary and chronic 
renal disease, and the presence of AF and pulmonary 
hypertension should be included. An extension to the 
study would be to compare rates of major post-operative 
morbidity between the two age groups, as well as quality 
of life and recovery time.
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