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Introduction

Increased average life expectancy has led to an ever-greater 
proportion of elderly patients (1). They are more susceptible 
to declining functions of the body, including cognitive 
impairment, decreasing physical strength, relative inactivity, 
slow gait and falling, and many others (1). At 75 years  

of age, it is estimated that 4.6% of patients have severe 
aortic stenosis (AS) (2), which carries a poor prognosis (3).  
The pathophysiology accounting for the commonness 
of AS in the elderly involves calcification of the valve 
leaflets, limiting valve leaflet movements and increasing 
left ventricular pressure (4). Danielsen and colleagues have 
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predicted a 2.4-fold increase in the number of patients with 
AS by 2040 (5). Therefore, it is important to choose the 
correct therapeutic option for these patients.

One of the biggest decisions for management of AS is 
whether to undergo aortic valve replacement (AVR), the only 
definitive treatment, or manage conservatively (6). Conservative 
management of severe AS has a mortality rate of up to 90% at 
2 years (7). With increasing life expectancy, however, relative 
benefits and harms between surgical treatment and conservative 
management has become more blurred (1,2).

Surgical treatments of AS include surgical aortic valve 
replacement (SAVR), in which the valve may be stented or 
stentless (8,9). There has been much debate over their efficacy, 
and neither has been demonstrated to be clearly superior over 
the other. As such, both are currently acceptable in selected 
cases of severe AS (6). Stentless bioprosthesis has been reported 
to have better outcomes and less morbidity than the stented 
counterpart (6). One theory is that the sewing ring of the stented 
bioprosthesis impedes, by its bulk, valvular outflow, increasing left 
ventricular pressure and causing stress (10). In contrast, stentless 
valves appear to lower left ventricular mass more quickly, 
possibly due to less patient-prosthesis mismatch (8,11,12).

This report aims to look at the morbidity and mortality 
rates of stented versus stentless valve replacement in the 
elderly cohort.

Methods

Literature search strategy and inclusion criteria

Electronic database searches were performed with PubMed, 
Ovid Medline, Scopus, Embase to identify all randomized 
and nonrandomized controlled trials comparing stentless to 
stented bioprosthetic valves in elderly patients undergoing 
AVR available up to March 2017. Limits were placed on 
only articles written in the English language and included 
elderly patients (age ≥75 years old) that underwent AVR. 
Search terms included aortic valve, stented, stentless, 
replacement, and elderly. All search terms were combined 
with Boolean operators and searched as both key words and 
MeSH terms to ensure maximal sensitivity. After excluding 
articles based on title or abstract, full text articles selected 
had reference lists searched for any potential further articles 
to be included in this review.

Data extraction and critical appraisal

The main outcome measures extracted included the following: 

in-hospital mortality, post-operative complications, stroke, 
and 5-year survival rate. Other data were also extracted 
for assessment of perioperative characteristics of patients. 
Quality of studies included was assessed by the Newcastle-
Ottawa Scale (Table 1).

Statistical analysis

Standard descriptive statistics [reported as means with 95% 
confidence intervals (CI) where available] were used to 
summarize demographic and baseline data of the patients 
from all eligible studies. Meta-analysis of reported outcomes 
when reported was performed on the reported in-hospital 
mortality, 5-year survival rate, duration of cardiopulmonary 
bypass, duration of aortic cross clamp, and stroke.

Inconsistency was reported as the I2 statistic and Cochran 
Q statistic, and the presence of inconsistency determined 
the use of fixed or random effect model. Fixed effect was 
estimated by the Hedges-Olkin method, and random effect 
was estimated by the DerSimonian-Laird method. Bias was 
estimated by the Egger method. All statistical analysis was 
conducted with Review Manager Version 5.1.2 (Cochrane 
Collaboration, Software Update, Oxford, United Kingdom), 
and Stata Version 15.1 (StatCorp LLC, Texas, USA).

Results

Study demographics

A total of six comparative studies were selected through the 
literature (10,13-17). The search strategy is summarized 
by a PRISMA chart in Figure 1. As a result, a total of 
1,048 patients were included in this study, of which 463 
underwent stented AVR and 585 underwent stentless AVR. 
A summary of study characteristics is shown in Table 2.

Perioperative results

Perioperative characteristics of included patients are 
summarized in Table 3. Preoperatively, patients undergoing 
stentless AVR generally had significantly higher left 
ventricular ejection fraction (LVEF; P=0.03), lower pre-
morbid rates of chronic obstructive pulmonary disease 
(COPD; P=0.02), higher atrioventricular (AV) gradient 
(P<0.0001) and left ventricular end-diastolic diameter 
(LVEDD; P<0.0001), and lower left ventricular end-systolic 
diameter (LVESD; P<0.0001).

The duration of cardiopulmonary bypass was significantly 
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longer in stentless AVR (P<0.0001; 95% CI: 0.424–1.05, 
Figure 2). However, Egger’s test revealed significant bias 
(P=0.03) and thus this result should be treated with caution. 
Similarly, duration of aortic cross clamping was significantly 
longer in stentless AVR (P<0.0001; 95% CI: 0.237 to 0.491, 
Figure 3). 

Postoperative data showed significantly higher incidences 
of atrial fibrillation in patients undergone stentless procedure, 
as well as significantly higher rates of acute myocardial 
ischaemia/cardiac events (P=0.01), there was also higher 
rate of patient-prosthesis mismatch (PPM; P<0.0001). On 
echocardiography at 6 and 12 months, stentless AVR was 
observed to be associated with higher mean AV gradient 
(P<0.0001 and P=0.0003 respectively), larger effective 
orifice area (P<0.0001 and P=0.04 respectively) and higher 
LVEF (P=0.01 and P=0.001 respectively). Stentless AVR 
was also associated with lower left ventricular mass index at 
12 months (P=0.002).

There was no observable difference in the incidence 
of stroke between the two groups of patients (P=0.5074; 
95% CI: 0.35 to 1.66, Figure 4). In-hospital mortality was 
significantly lower in the stentless group (P<0.0001, 95% 
CI: 0.132–0.479, Figure 5), similarly, all-cause mortality at 1 
year was lower in the stentless group (P=0.01). 

In contrast to in-hospital mortality, there was no 
difference in the 5-year mortality between the two groups 
of patients (P=0.835, 95% CI: −0.0298 to 0.024, Figure 6).

Postoperative echocardiographic findings

While in-hospital, the mean AV gradient was lower 
in patients that underwent stented AVR (7.28±3.75 vs. 
8.40±3.56 mmHg, P<0.0001), on the contrary, stentless 
group of patients had a larger effective orifice area 
(1.41±0.47 vs. 2.07±0.52 cm, P<0.0001). A repeated 
echocardiogram at six months post discharge showed that 
the mean AV gradient remained lower in stented group 
of patients (6.55±2.33 vs. 7.44±4.90 mmHg, P=0.0003), 
interestingly the effective orifice area has improved and 
showed better results in stented group (1.92±0.81 vs. 
1.83±0.64 cm, P=0.04).

Discussion

Aortic valve stenosis (AS) is the most common isolated 
valvular disease (18). The natural history of AS, first 
proposed by Ross and Braunwald (19) in 1968, has been 
confirmed in numerous studies over the last few decades. 
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PubMed 
968 citation(s)

Scopus 
320 citation(s)

Ovid 
167 citation(s)

1,306 Articles excluded
after title/abstract screen

61 articles excluded
after full text screen

7 articles excluded
during data extraction

Embase 
89 citation(s)

1,380 non-duplicatc
citations screened

74 articles retrieved

6 articles included

Inclusion/exclusion
criteria applied

Inclusion/exclusion
criteria applied

Figure 1 PRISMA chart of literature search.

Table 2 Study characteristics of the articles included in this systematic reviews and meta-analysis

Author Year Country Type of study
Total number  
of patients

Stented 
(n)

Stentless  
(n)

Primary end points

Bové et al. (13) 2006 Belgium Retrospective 255 110 145 30-day, 1-year and 5-year mortality; 
patient-prosthetic mismatch; valve 
haemodynamic data (echocardiographic 
variables)

Burgazli et al. (10) 2013 Germany  
and Turkey

Prospective  
randomised trial

40 20 20 Peak and mean pressure gradients;  
effective orifice areas

Doss et al. (14) 2003 Germany Prospective  
randomised trial

40 20 20 Postoperative, 6-month and 12-month 
clinical and haemodynamic outcomes

Ennker et al. (15) 2003 Germany Retrospective 519 242 277 Operative risk; postoperative  
complications

Van Nooten  
et al. (16)

1999 Belgium Prospective 154 51 103 Indications; mid-term clinical outcomes 
including mortality

Risteski et al. (17) 2009 Germany Prospective 
randomised study

40 20 20 Early and mid-term postoperative  
improvements including regression of left 
ventricular hypertrophy and maximization 
of effective orifice area
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Table 3 Perioperative characteristics of patients included in the analysis

Variables Stented Stentless P

No. of patients 463 585 –

Mean age (years) 77.6±11 76.9±9 0.25

Male (%) 45.5 44.6 N/A

LVEF (%) (mean ± SD) 65.1±12 66.6±11 0.03

IHD/CAD (%) 51.5 52 0.35

HTN (%) 50.4 52.1 0.41

DM (%) 30.2 29.1 0.46

COPD (%) 17.4 12.6 0.02

AV gradient (mean ± SD) 37.6±11 45.2±14.3 <0.0001

BSA (mean ± SD) 1.8±0.6 1.75±0.5 0.14

LVESD, mm (mean ± SD) 35±2 32±3 <0.0001

NYHA III/IV (%) 81.75 80.08 0.5

Aortic stenosis (%) 96 96.4 N/A

LVEDD, mm (mean ± SD) 46±3 48±4 <0.0001

Mean follow-up, years (mean ± SD) 4.14±0.95 4.90±1.75 N/A

AVA, cm2 1.23±0.2 1.23±0.3 0.5

Operative data

Size of valve used, mm (mean ± SD) 23.45±1.85 23.98±1.90 <0.0001

CPB time, mins (mean ± SD) 101.95±23.73 122.95±27.28 <0.0001

Aortic cross clamp time, mins (mean ± SD) 69.53±16.22 85.72±19.65 0.024

Concomitant procedures (%) 45.4 40.4 N/A

Post-operative data

AF (%) 5.9 8.7 <0.001

Acute MI/cardiac events (%) 0.6 2.05 0.01

Stroke (%) 4.35 3.88 0.50

PPM (%) 1 3.45 <0.001

Re-operation for bleeding (%) 3.5 3.45 0.3

In-hospital mortality (%) 7.2 2.46 <0.0001

1-year mortality (%) 27.5 10.7 0.01

5-year mortality (%) 24 16 0.835

Mean AV gradient, mmHg (mean ± SD) 7.28±3.75 8.40±3.56 <0.0001

Effective orifice area, cm (mean ± SD) 1.41±0.47 2.07±0.52 <0.0001

LVEF, % (mean ± SD) 66.2±10.5 67.6±8.7 0.01

Echo findings at 6 months

Mean AV gradient, mmHg (mean ± SD) 6.55±2.33 7.44±4.90 0.0003

Effective orifice area, cm (mean ± SD) 1.92±0.81 1.83±0.64 0.04

LVEF, % (mean ± SD) 64.7±11.3 66.6±8.2 0.001

LV mass index (g/m2) 120±27.2 114±34.1 0.002

N/A, not applicable; LVEF, left ventricular ejection fraction; IHD, ischaemic heart disease; CAD, coronary artery disease; HTN, hypertension; 
DM, diabetes mellitus; COPD, chronic obstructive pulmonary disease; AV, atrioventricular; BSA, body surface area; LVESD, left ventricular 
end-systolic diameter; NYHA, left ventricular end-systolic diameter; LVEDD, left ventricular end-diastolic diameter; AVA, left ventricular end-
diastolic diameter; AF, left ventricular end-diastolic diameter; PPM, patient-prosthesis mismatch.



Journal of Visualized Surgery, 2018

© Journal of Visualized Surgery. All rights reserved.   J Vis Surg 2018;4:201jovs.amegroups.com

Page 6 of 10

It is characterized by a benign course if asymptomatic, but 
has a rapid mortality rate once symptomatic. Although Ross 
and Braunwald proposed the middle age as the time of such 
symptomatic demarcation, patients now often present later 
in the seventh to ninth decades, and invariably have dire 
outcome unless AVR is performed (20). This recognition 
has prompted the growing numbers of patients referred 
for SAVR (20). The prevalence of moderate or severe AS 
in patients ≥75 years old is 2.8%, while at the same time, 
approximately 50% of patients with severe AS are referred 
for surgery and 40% undergo SAVR (21). 

In our review, we compared these two types of valves in 
terms of their performances in patients older than 75 years 
old. The operative times required for the implantation 
of the prosthesis were the first points of comparison. 

Doss et al

Risteski et al

Nooten et al

Ennker et al

combined [random]

Odds ratio meta-analysis plot [random effects]

Odds ratio (95% confidence interval)

Odds ratio (95% confidence interval)
0.1     0.2         0.5     1.0     2.0         5.0    10.0

Pooled odds ratio=0.769771 (95% CI: 0.355 to 1.66)
Chi2 (test odds ratio differs from 1)=0.439361 (df=1) P=0.5074

1.00 (0.19, 5.37)

3.91 (0.22, infinity)

1.00 (0.19, 5.37)

0.42 (0.10, 1.97)

0.77 (0.36, 1.67)

Figure 4 Stroke rate.

Odds ratio meta-analysis plot [random effects]

Doss et al

Risteski et al

Bove et al

Nooten et al

Ennker et al

combined [random]

Odds ratio (95% CI)

0.05    0.10     0.20       0.50     1.00      2.00      5.00

0.02 (0.00, 0.25)

0.02 (0.00, 0.25)

0.44 (0.12, 1.73)

0.60 (0.13, 3.46)

0.54 (0.10, 4.23)

0.27 (0.09, 0.82)

Figure 5 In-hospital mortality rate.

Risk difference meta-analysis plot [random effects]

Doss et al

Risteski et al

Nooten et al

combined [random]

−0.008 (−0.165, 0.165)

0.008 (−0.165, 0.165)

−0.005 (−0.070, 0.036)

−0.003 (−0.025, 0.018)

−0.15      −0.10     −0.05       0.00       0.05        0.10       0.15

Risk difference (95% CI)

Figure 6 Five-year mortality rate.

Doss et al

Risteski et al

Burgazli et al

Bove et al

Nooten et al

Ennker et al

Effect size meta-analysis plot [random effects]

0.0          0.5         1.0          1.5          2.0          2.5          3.0

DL pooled effect size=0.738307 (95% CI: 0.424 to 1.05)

Random effects (Dersimonian-laird)
Pooled d+=0.738307 (95% CI: 0.424 to 1.05)
Z (test d+ differs from 0)=4.609485 P<0.0001

Figure 2 Cardiopulmonary bypass time.

Doss et al

Risteski et al

Burgazli et al

Bove et al

Nooten et al

Ennker et al

Effect size meta-analysis plot [random effects]

−1.0     −0.5     0.0     0.5      1.0      1.5       2.0     2.5     3.0
DL pooled effect size=0.819831 (95% CI: 0.107 to 1.532663)

Pooled effect size d+=0.364597 (95% CI: 0.237 to 0.491)
Z (test d+ differs from 0)=5.620575 P<0.0001

Figure 3 Aortic cross clamp time.
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It was demonstrated that there was significantly longer 
bypass (P<0.0001; 101.95±23.73 min in stented group vs. 
122.95±27.28 min in stentless group) and aortic cross clamp 
time (P<0.0001, 95% CI: 0.237 to 0.491; 69.53±16.22 min in 
stented group vs. 85.72±19.65 min in stentless group) in the 
stentless group, reflecting its higher technicality. Similarly, 
Van Nooten et al. (16) found that the required cross clamp-
time for isolated AVR was 70 min for stemless versus 58 min  
for stented valves. Burgazli et al. (10) also reported cross 
clamp time (81.7±16.17618 min in stentless group vs. 
53±8.8674 min in stented group) and cardiopulmonary 
by-pass times (106.15±24 min in stentless group vs. 
68.20±8.8294 min in stented group) being significantly 
longer in stentless group (16). 

Despite the significant difference regarding the operative 
times, it was revealed that in-hospital mortality was lower 
in stentless valves (P<0.0001; 95% CI of fixed effect: 0.132–
0.479; 2.46% in stentless group vs. 7.2% in stented group). 
Many authors correlated this with the fact that patients 
undergoing AVR with a stented valve were generally sicker, 
while AVR deploying a stentless valve was a “more elective” 
surgical case. Another interesting finding was that a number 
of studies (14,16), regardless of whether there was equal 
or superior in-hospital mortality of one of the two types of 
valves, all 30-day mortalities were believed to be unrelated 
to the valve condition and post-mortem examination 
excluded valve dysfunction. 

In contrast, our review did not identify any differences in 
the 5-year survival between the two groups and the survival 
curves were found to be within the expected survival of the 
health population. Del Rizzo et al. (22) compared stentless 
and stented xenografts with particular interest for different 
age group and found a survival gain in favour of stentless 
valves at 5 years but only in the younger patients. However, 
in the group with patients aged more than 70 years, the 
prosthetic design had fewer effects on late survival than 
patients’ age.

In addition, this review did not find the incidences of 
stroke between the two groups of patients significantly 
different (P=0.5074; 95% CI of fixed effect: 0.35 to 1.66; 
4.35% in stented group vs. 3.88% in stentless group). This 
is consistent with the literature (16). 

The choice between mechanical and bioprosthetic 
valves in AVR remains controversial. Both the 2017 AHA/
ACC guideline (23) and 2017 ESC/EACTS guideline (24) 
emphasized patient-centred decision with consideration 
of patients’ personal preferences and multiple other 
factors, mostly related to the different requirements for 

anticoagulation, rates of structural deterioration, and risks 
of intervention. Both guidelines considered preoperative 
anticoagulant therapy, longevity, and high risk in re-
interventions as factors in favour of mechanical prostheses. 
The 2017 AHA/ACC guideline also specified small aortic 
root size for AVR as a favourable factor for mechanical 
prostheses. Contraindications for anticoagulation and 
desire for pregnancy are strong, if not absolute indications 
for bioprostheses. Other favourable factors include high 
risks of anticoagulation, limited access to anticoagulation 
monitoring, and accessible surgical centres with low re-
operative mortality rates. Age is consistently important 
in the decision-making, but the suggested cut-offs 
vary: the 2017 AHA/ACC guideline recommended 
mechanical prostheses for patients under the age of 50 
and bioprostheses for those above the age of 70, while the 
2017 ESC/EACTS guideline recommended mechanical 
prostheses or patients under the age of 60 and bioprostheses 
for those above the age of 65. Other factors ought to be 
considered for patients in between the abovementioned cut-
off ages. These recommendations were made mainly on 
the grounds of the age-dependent incidences of structural 
prosthetic deterioration and risks in re-intervention as 
reported by literature.

As such, for elderly AS patients, the main question that 
arises in clinical practice is which type of bioprostheses, 
stentless or stented, is superior. This has not been 
commented in either of the abovementioned guidelines. 
Long-term studies comparing stentless and stented valves 
in elderly AS patients remain scarce, despite the long 
history of their clinical usage, which may be traced back 
to 1972 when Cohn and colleagues first deployed porcine 
xenografts in SAVR (25). The use of stentless valves has 
increased steadily in the last decade due to their commercial 
availability, improved durability and lower prosthetic 
mismatches (10,15,26). As such, the choice between 
stentless and stented valves is a pertinent issue that warrants 
further, more comprehensive investigations. The scope of 
investigation may be expanded beyond simply the choice of 
valves for elderly patients, but also the possibility of using 
bioprostheses in younger patients. Given the improving 
haemodynamics and thus durability of these valves (27), it 
may be possible to lower the recommended cut-off age for 
bioprostheses, hence allowing more and younger patients to 
enjoy the rest of their life free of anticoagulants and a low 
risk of re-intervention at least similar to that of mechanical 
prostheses.

This review carries the limitation that haemodynamic 
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comparison of the two types of valves was not included. 
Borger et al. (28), during a midterm follow-up in a large 
number of patients underwent AVR, reported that the 
stentless bioprostheses were haemodynamically superior 
to stented valves. However, strong evidences of better 
haemodynamic and clinical performance have not been 
repeated in the literature. Risteski et al. (17) noticed 
incomplete regression of left ventricular mass in both 
groups, demonstrating the inevitable influence of other 
factors like age, hypertension and gender. Another 
interesting point, as highlighted by Jin et al. (29), was 
that the left ventricular mass regression was completed at  
6 months postoperatively in patients with stentless valves, 
whereas stented valves did not achieve completion of such 
even after 12 months. Moreover, a lot of interest has been 
addressed to the concept of PPM as a factor that could 
jeopardize the regression of left ventricular hypertrophy 
despite having undergone AVR (30). However, the clinical 
impact of this issue remains controversial.

Limitations

The results from this meta-analysis need to be considered 
carefully as there are several limiting factors. Firstly, 
majority of the data analysed comes from retrospective 
cohort studies while the randomized studies have low 
number of patients that doesn’t power the studies enough 
to give a strong statement in comparing the outcomes, 
therefore this can form a confounding factor that can 
limit the interpretation of the results. Secondly, in the 
retrospective studies there is no mention of the experience 
of the operating surgeon or the decision process of 
choosing the type of valve, these two factors can contribute 
significantly to the results and again it limits the outcomes 
in this study. Furthermore, there is also lack of intra-
operative echocardiography imaging which can also help in 
assessing the aortic orifice and potentially assist in deciding 
choice of the valve. Fourthly, the data are extremely 
heterogeneous and there are multiple confounding factors, 
including patient selection, especially in the retrospective 
cohort studies. Additionally, publication bias may have 
influenced the results from our study, as observational 
studies with a poor outcome may not have been published 
their results in full details. Finally, there is lack of long 
term data, the mean follow-up is limited to six months for 
echocardiographic findings and this represent a very short-
term results which can’t be used reliably as a base for proper 
follow up and interpretation of the results. 

Conclusions

The outcome from this study showed that although patients 
with stentless AVR had longer operative data, they showed 
a better operative and 1-year mortality rates, while the 
rate of 5-year mortality were higher in stented group but 
this didn’t reach statistical significance. However, the 
echocardiographic findings are mixed and the results are 
controversial, never-mind the results are limited to only  
5 years, therefore long-term data required to give a better 
understanding of superiority of each valve over the other.
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