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ABSTRACT
Background: The choice of bioprosthesis versus
mechanical prosthesis in patients aged less than 70 years
undergoing aortic valve replacement (AVR) remains controversial, with guidelines disparate in their recommendations. The objective of this study was to explore outcomes after AVR for various age ranges based on type
of prosthesis.
Methods: A systematic review was undertaken according to the Preferred Reporting Instructions for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines by using
Medline (PubMed), Cochrane, Web of Science, Embase,
and Scopus databases. Rates of long-term survival (primary
outcome), reoperation, major bleeding, thromboembolism, stroke, structural valve deterioration, and endocarditis were compared between subjects receiving biologic
and mechanical prostheses. Findings were grouped into
patients aged <60 years, aged ≤65 years, and finally
aged <70 years.
Results: A total of 19 studies met inclusion criteria.
Seven evaluated patients aged <60 years, 4 of which found
mechanical prosthesis patients to have higher long-term
survival, whereas the remaining studies found no difference.
Eight additional studies included patients aged 65 years or
younger, and 9 studies included patients aged <70 years. The
former found no difference in survival between prosthesis
groups, whereas the latter favored mechanical prostheses
in 3 studies. Bleeding, thromboembolism, and stroke were
more prevalent in patients with a mechanical prosthesis,
whereas reoperation was more common in those receiving
a bioprosthesis.
Conclusions: Published literature does not preclude
the use of bioprostheses for AVR in younger patients. As
new valves are developed, the use of bioprosthetic aortic
valves in younger patients will likely continue to expand.
Clinical trials are needed to provide surgeons with more
accurate guidelines.
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INTRODUCTION
In patients undergoing aortic valve replacement (AVR),
the choice of prosthesis is delineated into 2 main categories:
bioprosthetic (BP) and mechanical prosthetic (MP) (also, in
this article, BP can stand for bioprosthesis; and MP, mechanical prosthesis). BP valves are advantageous in that they do
not require long-term anticoagulation therapy, although
their main drawback is limited durability leading to structural valve deterioration (SVD) and reoperation [Svennsson
2013; Baumgartner 2017; Nishimura 2017]. Conversely, MP
valves rarely degenerate structurally over time; however, they
have greater thromboembolic potential than BPs and thus
require lifetime anticoagulation that increases the risk for
bleeding complications [Svennsson 2013; Baumgartner 2017;
Nishimura 2017].
For young and middle-aged patients undergoing AVR, current guidelines are variable and evolving (Table 1). Guidelines
from the European Society of Cardiology and European Association for Cardio-Thoracic Surgery (ESC/EACTS) (2017)
advocate BP for patients aged >65 years, MP for patients
aged <60 years, and a choice of either for patients aged 60-65
years [Baumgartner 2017]. Guidelines from the Society of
Thoracic Surgeons (STS) (2013) recommend BP in patients
aged ≥65 years, but state BP may be reasonable for patients
aged <65 years who choose this valve for lifestyle considerations and understand the trade-off between anticoagulation
and future reoperation [Svennsson 2013]. Finally, in a recent
focused update (2017) to their previous guidelines, the American Heart Association and American College of Cardiology
(AHA/ACC) recommend BP for patients aged >70 years, MP
for patients aged <50 years, and a choice of either prosthesis
type for patients aged 50-70 years who are fully informed of
risks and benefits inherent to each [Nishimura 2017].
The above guidelines illustrate the lack of consensus in
regard to prosthesis choice in AVR. In addition, new evidence
has been published in which mortality and morbidities such
as reoperation do not always favor MPs in younger subjects
and differs from that which some of the above guidelines were
based upon [Nishida 2014; Chiang 2014; Sakamoto 2016;
Wang 2016; Zhao 2016; Minakata 2017]. Another complicating issue is that subjects in previous studies have mostly been
implanted with older generation valves that are no longer in
use. Newer generation valves have the potential to further
reduce the rate of SVD [Ruel 2004]. In addition, the emergence
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Table 1. Guidelines for Valve Choice in AVR*

AHA/ACC
(2017)
STS (2013)

Bioprosthetic

COR

LOE

Mechanical

COR

LOE

Either

COR

LOE

Cannot anticoagulate

I

C

Aged <50 years and can
anticoagulate

IIa

B-NR

Aged 50-70 years

IIa

B-NR

Aged >70 years

IIa

B
Aged <65 years

I

C

Aged <65†

IIb

C

Aged 60-65 years

IIa

C

Cannot anticoagulate

I

C

Aged ≥65 years without risk
factors for TE

I

C

Contemplating pregnancy

IIb

C

Desire of informed patient

I

C

Desire of the informed
patient with no risk to
anticoagulation

I

C

Cannot anticoagulate

I

C

At risk for accelerated
SVD

I

C

Reoperation for MP thrombosis through anticoagulation

I

C

Anticoagulated for valve
in another position

IIa

C

Low risk of future reoperation

IIa

C

Age <60 years

IIa

C

Contemplating pregnancy

IIa

C

Reasonable life expectancy and future high risk
for reoperation

IIa

C

Aged >65 years or life expectancy shorter than valve
durability

IIa

C

Anticoagulated for high
risk of TE

IIb

C

ESC/EACTS
(2017)

*TE, thromboembolism.
†MP preferred, but BP may be reasonable for these patients with regards to lifestyle considerations after a discussion about future reoperation.

of valve-in-valve (VIV) procedures through transcatheter aortic
valve implantation can decrease or eliminate the risk of reoperation for patients implanted with BPs [Dvir 2014; Ye 2015].
The AHA/ACC focused update highlights that uncertainty continues to permeate the choice of prosthesis in young
and middle-aged patients undergoing AVR. In the present
study, we aimed to perform a thorough systematic review of
the literature that includes studies comparing outcomes for
BP versus MP in young and middle-aged adult patients (aged
<70 years), while paying special attention to patients at the
younger end of this spectrum (aged <60 years).
METHODS
Literature Search Strategy
The present study was conducted according to the Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) statement [Moher 2009]. The PRISMA
checklist is available in supplemental Appendix 1. Searches
were conducted of Medline (PubMed), Cochrane, Web of
Science, Embase, and Scopus from 1960 to February 3, 2018.
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Terms used in the search were “Bioprosthesis,” “Bioprostheses,” “Heterograft Bioprosthesis,” “Xenograft Bioprosthesis,” “Xenograft Bioprostheses,” “Glutaraldehyde-Stabilized
Grafts,” “Glutaraldehyde Stabilized Grafts,” “Glutaraldehyde-Stabilized Graft,” “mechanical valve,” “aortic valve,”
“Heart Valve Prosthesis,” “Heart Valve Prostheses,” “Cardiac
Valve Prosthesis,” “Cardiac Valve Prostheses,” “Heart Valve
Prosthesis Implantation,” “valve,” and “replace.” The search
string from PubMed is available in supplemental Appendix 2.
Eligibility Criteria
Studies were included if they met the following criteria: adult
patients aged <70 years who underwent AVR, comparison of
BP versus MP outcomes (survival, reoperation, SVD, bleeding, thromboembolism, stroke, endocarditis), follow-up period
>5 years postoperatively, English language, and both male and
female subjects. Study design was not used to filter results. Studies
were excluded if they evaluated outcomes after AVR for patients
who were pregnant or were operated on to treat endocarditis.
Data Extraction
Data that included study characteristics and outcomes of
interest was extracted from article text, tables, and figures.
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Systematic review flow diagram. Names given are the most recent name of the database. Nos. in red are the more pertinent values. Grey lit, grey literature.

The primary outcome was long-term survival, and secondary outcomes were reoperation, major bleeding, thromboembolism, stroke, SVD, and endocarditis. Screening, text review, and data extraction were performed by
2 independent reviewers and then compared. Any discordant results were reviewed and corrected by a third
independent reviewer.
Qualitative Synthesis
Outcomes varied in the way they were reported. For example, the primary outcome of survival was listed in some studies as “survival,” and in others as “mortality.” For reoperation,
some studies reported “freedom from reoperation,” whereas
others reported “risk of reoperation.” This heterogeneity in
reporting holds true for the other outcomes as well. Thus,
each outcome is presented as it was reported in the study it
was extracted from.
Risk of Bias Assessment
Because of a paucity of prospective randomized controlled
data, qualitative risk of bias assessment was not performed.
The majority of the included studies (17 of 19 studies) were
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retrospective analyses that are limited by significant inherent
bias because of study design.
RESULTS
Initial database searches yielded 2964 nonduplicated citations, of which 2794 were excluded after screening the title
and abstract for inclusion and exclusion criteria, and an additional 151 were excluded after a full-text screen. This left
19 remaining articles which were included in the present
study (Figure).
Study sampling periods ranged from 1969 through 2014,
with the number of patients ranging between 56 and 9942.
Seventeen studies were designed as retrospective cohorts,
whereas one was a prospective cohort and one was a randomized controlled trial. Data analysis methodology also
varied and included propensity matching (12 studies),
univariate analysis (1 study), multivariate analysis (4 studies), multivariate analysis with inverse probability weighing (1 study), and randomized controlled methodology
(1 study) (Table 2).
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Table 2. Study Characteristics
Patient Age
Range (Years)

Number of
Patients

Design

55-65

n = 236

Retrospective cohort (propensity matched)

1995-2014

≤65

n = 98

Retrospective cohort (propensity matched)

2003-2007

[Brown 2008]

50-70

n = 440

Retrospective cohort (propensity matched)

1991-2000

[Carrier 2001]

55-65

n = 526

Prospective cohort (multivariate analysis)

1982-1999

[Chiang 2014]

50-69

n = 2002

Retrospective cohort (propensity matched)

1997-2004

[Glaser 2016]

50-69

n = 2198

Retrospective cohort (propensity matched)

1997-2013

45-54; 55-64

n = 9942

Retrospective cohort (multivariate analysis with inverse probability weighting)

1996-2013

50-65

n = 388

Retrospective cohort (multivariate analysis)

1977-2002

<65

n = 722

Retrospective cohort (propensity matched)

1992-2011

Study*
[Alex 2018]
[Badhwar 2012]

[Goldstone 2017]
[Kulik 2006]
[McClure 2014]

Sampling Period

[Minakata 2017]

<60; 60-69

n = 1002

Retrospective cohort (propensity matched)

BP: 1985-2000; MP:
1991-2001

[Nishida 2014]

<60; 60-69

n = 459

Retrospective cohort (univariate analysis)

1981-2013

61-65; 66-70

n = 922

Retrospective cohort (multivariate analysis)

1982-1998

55-65

n = 120

Retrospective cohort (propensity matched)

1996-2008

[Prasongsukarn 2007]
[Roumieh 2015]
[Ruel 2007]

<60

n = 314

Retrospective cohort (multivariate analysis)

1969-2004

[Sakamoto 2016]

60-70

n = 56

Retrospective cohort (propensity matched)

1995-2014

[Stassano 2009]

55-70

n = 310

Randomized controlled

1995-2003

[Suri 2013]

<70

n = 820

Retrospective cohort (propensity matched)

1993-2009

[Wang 2016]

<60

n = 224

Retrospective cohort (propensity matched)

2002-2009

[Weber 2012]

<60

n = 206

Retrospective cohort (propensity matched)

2000-2009

*Study names are indicated by citation of references in this article.

Aged <60 years
In long-term follow-up of subjects aged <60 years (Table
3), 3 studies found no difference in survival between BP and
MP [Ruel 2007; Wang 2016; Minakata 2017], whereas 4 found
survival to be superior in patients with MPs [Weber 2012;
Nishida 2014; Glaser 2016; Goldstone 2017]. However, in the
study by Weber and colleagues (2012), this advantage disappeared upon multivariate analysis of additional variables (ie,
age, HTN, renal failure, active endocarditis, CABG, etc.) different from those used for propensity matching [Weber 2012].
Four studies favored MP in reducing the risk of reoperation
[Ruel 2007; Nishida 2014; Minakata 2017; Goldstone 2017],
whereas 2 found no difference [Weber 2012; Wang 2016].
Major bleeding was found to be similar in 3 studies that
explored this [Weber 2012; Nishida 2014; Wang 2016], but
favored BP in the study by Goldstone and colleagues (2017)
[Goldstone 2017].
Only Nishida and colleagues (2014) evaluated SVD, and
found it to be more prevalent in subjects with BP [Nishida 2014].
Stroke risk was found to be lower in patients with BP in
the study by Goldstone and colleagues (2017) [Goldstone
2017],17 whereas Nishida and colleagues (2014) found no
difference [Nishida 2014].
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Valve type did not influence occurrence of thromboembolism [Nishida 2014; Wang 2016] or endocarditis [Weber 2012;
Nishida 2014] in studies that reported on these complications.
It should be noted that results by Nishida and colleagues
(2014) were based on univariate analysis without adjustment
for disparate patient characteristics [Nishida 2014].
Aged ≤65 years
When the age threshold for inclusion was expanded to
patients 65 or younger (Table 4), none of the 8 studies that were
added found a difference in survival between valve types [Carrier 2001; Kulik 2006; Prasongsukarn 2007; Badhwar 2012;
McClure 2014; Roumieh 2015; Alex 2018; Goldstone 2017].
Four reported higher rates of reoperation in subjects with
a BP [McClure 2014; Roumieh 2015; Alex 2018, Goldstone
2017], whereas one found no difference [Prasongsukarn 2007].
One study reported a lower incidence of stroke in patients
with MPs [Roumieh 2015], whereas 2 found valve type did
not impact this [McClure 2014; Goldstone 2017].
Two studies found an increased risk of bleeding among
MP subjects [McClure 2014; Goldstone 2017], whereas
one found no interaction between valve type and bleeding
[Roumieh 2015].
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Table 3. Outcomes after Bioprosthetic (BP) and Mechanical (MP) Aortic Valve Replacements in Patients Aged <60 Years*

Study†

Age
(Years)

Outcome

HR (BP
versus MP)

95% CI

Percentage (BP versus MP)

P

45-54

Multivariate-adjusted long-term mortality

1.25

1.03-1.52

30.6% versus 26.4%

.02

Survival
[Goldstone 2017]
[Minakata 2017]

<60

20-Year survival

0.75

0.30-1.99

—

.54

[Glaser 2016]

50-59

15-Year survival

0.60‡

—

—

.026

[Wang 2016]

<60

10-Year survival

—

—

88.7% versus 87.9%

.860

[Nishida 2014]

<60

20-Year survival

—

—

37.2% ± 1% versus 71.9% ± 3.7%

.0035

[Weber 2012]

<60

Crude mortality

0.243

0.064-0.923

—

.038

Multivariate-adjusted mortality

0.277

0.038-1.997

—

.203

<60

Multivariate-adjusted long-term mortality

0.95

0.7-1.3

—

.7

[Goldstone 2017]

45-54

Multivariate-adjusted long-term
reoperation risk

2.6

1.91-3.40

—

S

[Minakata 2017]

<60

20-Year FFR

0.16

0.06-0.46

—

<.01

[Wang 2016]

<60

10-Year FFR

—

—

90.2% versus 96.3%

.296

[Nishida 2014]

<60

20-Year FFR

—

—

17.8% ± 10% versus 94.2% ±
2.1%

<.0001

[Weber 2012]

<60

FFR at late follow-up (>90 days)

—

—

100% versus 98%

.231

[Ruel 2007]

<60

Multivariate-adjusted long-term reoperation risk

3.9

2.6-6.3

—

<.001

[Ruel 2007]
Reoperation

Major bleeding
[Goldstone 2017]

45-54

Multivariate-adjusted long-term bleeding risk

0.63

0.51-0.75

—

S

[Wang 2016]

<60

10-Year FFB

—

—

96.9% versus 91.5%

.128

[Nishida 2014]

<60

20-Year FFB

—

—

88.1% ± 7.9% versus 94.0% ±
2.2%

.214

[Weber 2012]

<60

FFB at late follow-up (>90 days)§

—

—

100% versus 99%

.482

<60

10-Year FFT

—

—

94.3% versus 91.0%

.528

87.4% ± 8.2% versus 89.8% ±
2.6%

.9294

Thromboembolism
[Wang 2016]
[Nishida 2014]

<60

20-Year FFT

—

—

45-54

Multivariate-adjusted long-term stroke risk

0.64

0.46-0.86

—

S

<60

FFS at late follow-up (>90 days)

—

—

97% versus 94%

.316

<60

20-Year FFSVD

—

—

29.5% ± 15% versus 100%

<.0001

[Nishida 2014]

<60

20-Year FFE

—

—

78.9% ± 10% versus 93.7% ±
2.4%

NS

[Weber 2012]

<60

FFE at late follow-up (>90 days)

—

—

97% versus 98%

1

Stroke
[Goldstone 2017]
[Weber 2012]

Structural Valve Deterioration
[Nishida 2014]
Endocarditis

*FFR, freedom from reoperation; FFB, freedom from major bleeding/hemorrhage; FFT, freedom from TE; FFS, freedom from stroke; FFSVD, freedom from
structural valve deterioration; FFE, freedom from endocarditis; S, significant; NS, not significant. Italicized P value indicates significance.
†Study names are indicated by citation of references in this article.
‡Reciprocal value, reported as MP versus BP HR 1.67 (95% CI: 1.06-2.61).
§Cerebral hemorrhage only.
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Table 4. Additional BP versus MP Outcomes in AVR When Age Cutoff Expanded to ≤65 Years*

Age (years)

Outcome

HR (BP
versus MP)

95% CI

Percentage (BP versus MP)

P

[Goldstone 2017]

55-64

Multivariate-adjusted long-term mortality

1.11

0.98-1.25

36.1% versus 32.1%

.12

[Alex 2018]

55-65

Multivariate-adjusted 15-year survival

1.16

0.69-1.94

—

.58

[Roumieh 2015]

55-65

15-Year survival

—

—

54% ± 13% versus 53% ± 8%

.95

[McClure 2014]

<65

15-Year survival

—

—

65 ± 5 versus 75 ± 4%,

.752

[Badhwar 2012]

≤65

8-Year survival

—

—

83% versus 100%

.04

Study†
Survival

[Prasongsukarn 2007]

61-65

15-Year survival

—

—

—

NS

[Kulik 2006]

50-65

Multivariate-adjusted 10-year survival

0.76‡

—

—

.77

[Carrier 2001]

55-65

10-Year mortality

—

—

—

NS

[Goldstone 2017]

55-64

Multivariate-adjusted long-term reoperation risk

2.46

1.93-3.20

—

S

[Alex 2018]

55-65

Multivariate-adjusted 15-year reoperation risk

4.16§

—

—

<.01

[Roumieh 2015]

55-65

15-Year FFR

—

—

73% ±11% versus 91% ±5%

.04

[McClure 2014]

<65

15-Year survival

—

—

55% versus 95%

.002

61-65

Multivariate-adjusted valve-related reoperation

1.30

—

—

.67

[Goldstone 2017]

55-64

Multivariate-adjusted long-term bleeding risk

0.66

0.58-0.75

—

S

[Roumieh 2015]

55-65

15-Year FFB

—

—

88% ± 6% versus 77% ± 10%

.98

[McClure 2014]

<65

18-Year FFB

—

—

98% versus 78%

.002

[Goldstone 2017]

55-64

Multivariate-adjusted long-term stroke risk

0.92

0.73-1.13

—

NS

[Roumieh 2015]

55-65

15-Year FFS||

—

—

83% ± 8% versus 97% ± 3%

.03

[McClure 2014]

<65

15-Year FFS

—

—

91% versus 95%

.332

55-65

15-Year FFSVD

—

—

64% ± 12% versus 93% ± 5%

.003

55-65

15-Year FFE

—

—

83% ± 8% versus 98% ± 2%

.05

Reoperation

[Prasongsukarn 2007]
Major bleeding

Stroke

SVD
[Roumieh 2015]
Endocarditis
[Roumieh 2015]

*FFR, freedom from reoperation; FFB, freedom from major bleeding/hemorrhage; FFS, freedom from stroke; FFSVD, freedom from structural valve deterioration; FFE, freedom from endocarditis; S, significant; NS, not significant. Italicized P value indicates significance.
†Study names are indicated by citation of references in this article.
‡Reciprocal value, reported as MP versus BP HR 1.3 (CI not reported).
§Reciprocal value, reported as MP versus BP HR 0.24 (95% CI: 0.09-0.68).
||Includes TIA.

Roumieh and colleagues (2015) reported higher rates of
SVD and endocarditis in BP subjects [Roumieh 2015].
Aged ≤70 years
When the age threshold for inclusion was expanded to
patients 70 or younger (Table 5), 3 of 9 studies favored MP
in long-term survival [Brown 2008; Suri 2013; Glaser 2016].
However, in the study by Glaser and colleagues (2016), this
difference was not present in a subgroup of patients aged
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60-69 years [Glaser 2016]. Because MPs were favored for survival in a separate subgroup of patients aged 50-59 years, this
suggests these younger subjects may be responsible for the
observed difference in survival. The remaining 6 studies did
not find a significant relationship between prosthesis type and
survival [Prasongsukarn 2007; Stassano 2009; Chiang 2014;
Nishida 2014; Sakamoto 2016; Minakata 2017]. The investigation by Stassano and colleagues (2009) is notable in that
it represents the only recent randomized trial to investigate
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Table 5. Additional BP versus MP Outcomes in AVR When Age Cutoff Expanded to <70 Years*

Age (years)

Outcome

HR (BP
versus MP)

95% CI

Percentage
(BP versus MP)

P

[Minakata 2017]

60-69

20-Year survival

0.88

0.56-1.39

—

.59

[Sakamoto 2016]

60-70

15-Year survival

—

—

85% ± 9% versus
88% ± 8%

.734

50-69

Multivariate-adjusted 15-year survival

Study†
Survival

[Glaser 2016]

60-69

0.75‡

—

50% versus 59%

.006

0.93§

—

—

.539

[Chiang 2014]

50-69

Multivariate-adjusted 15-year survival
(post–propensity matched)

0.97

0.83-1.14

60.6% versus 62.1%

.74

[Nishida 2014]

60-69

20-Year survival

—

—

26.0% ± 12% versus
28.7% ± 6.9%

.7404

<70

Multivariate-adjusted 15-year mortality

1.27

—

—

.03

[Suri 2013]
[Stassano 2009]

Survival at late follow-up

—

—

69.4% versus 72.5%

.06

Multivariate-adjusted late mortality

1.37||

—

—

.2

10-Year survival

—

BP 52-58, MP
62-76

50% versus 68%

<.01

Multivariate-adjusted late mortality

2.1¶

—

—

<.01

66-70

BP 15-year survival versus MP 12-year survival

—

—

28.5% ±3.3% versus
44.2% ± 9.6%

.10

[Sakamoto 2016]

60-70

15-Year FFR

—

—

85% ± 8% versus 100%

.110

[Glaser 2016]

50-69

Multivariate-adjusted risk of reoperation at
maximum follow-up (BP 16.0 years versus MP
15.9 years)

2.36

1.71-2.79

—

.001

[Chiang 2014]

50-69

Multivariate-adjusted 15-year reoperation risk

1.92#

—

—

.001

—

—

63.2% ± 16% versus
95.9% ± 2.1%

.0559

[Brown 2008]

[Prasongsukarn 2007]

55-70

50-70

Reoperation

[Nishida 2014]

60-69

20-Year FFR

[Brown 2008]

50-70

10-Year FFR

—

—

91% versus 97.5%

.13

[Prasongsukarn 2007]

66-70

Multivariate-adjusted valve-related reoperation

3.28

—

—

.2684

[Minakata 2017]

60-69

20-Year FFB

0.93

0.39-2.23

—

.88

[Sakamoto 2016]

60-70

Hemorrhage rate (% patients per year)

—

—

0.12% versus 0.34%

<.001

[Glaser 2016]

50-69

Risk of bleeding at maximum follow-up
(BP 16 years versus MP 15.8 years)

0.49

0.34-0.70

—

.001

[Chiang 2014]

50-69

Multivariate-adjusted 15-year risk of major
bleeding

0.57**

—

—

.001

[Nishida 2014]

60-69

20-Year FFB

—

—

98.4% ± 1.6% versus
73.0% ± 7.9%

.1735

[Brown 2008]

50-70

10-Year FFB

—

—

93.6% versus 86.3%††

.06

[Minakata 2017]

60-69

Multivariate-adjusted 20-year FFT

7.55

0.98-58.0

—

.05

[Sakamoto 2016]

60-70

TE rate (% patients per year)

—

—

0.35% versus 0.58%

<.001

[Nishida 2014]

60-69

20-Year FFT

—

—

98.0% ± 2.1% versus
71.3% ± 6.2%

.033

Major bleeding

Thromboembolism
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Table 5. Additional BP versus MP Outcomes in AVR When Age Cutoff Expanded to <70 Years*
HR (BP
versus MP)

95% CI

Percentage
(BP versus MP)

P

Multivariate-adjusted stroke risk at maximum
follow-up (BP 15.9 years versus MP 15.8
years)

1.04

0.72-1.50

—

.848

50-69

Multivariate-adjusted 15-year stroke risk

0.96‡‡

—

—

.84

50-70

10-Year FFS

—

BP 85.8-95.8,
MP 88.9-97.4

91.4% versus 93.2%

.07

60-69

20-Year FFSVD

—

—

54.2% ± 18% versus
100%

<.0001

[Nishida 2014]

60-69

20-Year FFE

—

—

98.3% ± 2.4% versus
90.7% ± 6.4%

NS

[Brown 2008]

50-70

FFE at late follow-up (>30 days)

—

—

96.4% versus 97.1%***

.72

Studyb

Age (years)

Outcome

[Glaser 2016]

50-69

[Chiang 2014]
[Brown 2008]

Stroke

SVD
[Nishida 2014]
Endocarditis

*FFR, freedom from reoperation; FFB, freedom from major bleeding/hemorrhage; FFT, freedom from TE; FFS, freedom from stroke; FFSVD, freedom from
structural valve deterioration; FFE, freedom from endocarditis; NS, not significant. Italicized P value indicates significance.
†Study names are indicated by citation of references in this article.
‡Reciprocal value, reported as MP versus BP HR 1.34 (95% CI: 1.09-1.66).
§Reciprocal value, reported as MP versus BP HR 1.08 (95% CI: 0.85-1.36).
||Reciprocal value, reported as MP versus BP HR 0.73 (95% CI: 0.47-1.20).
¶Reciprocal value, reported as MP versus BP HR 0.48 (95% CI: 0.35-0.67).
#Reciprocal value, reported as MP versus BP HR 0.52 (95% CI: 0.36-0.75).
**Reciprocal value, reported as MP versus BP HR 1.72 (95% CI: 1.27-2.43).
††Reported as bleeding, BP 6.4% (95% CI: 1%-12.3%) versus MP 13.7% (95% CI: 8.3%-19.2%).
‡‡Reciprocal value, reported as MP versus BP 1.04 (95% CI: 0.75-1.43).
***Reported as endocarditis, BP 3.6% versus MP 2.9%.

BP vs MP in younger patients. With the trial taking place
at 2 Italian centers in subjects aged 55-70, after an adequate
discussion of the risks and benefits of each valve type, subjects requested that their surgeon make a decision for them.
Because ACC/AHA guidelines at that time did not make a
definitive recommendation for these patients, clinical equipoise enabled randomization [Stassano 2009].
In regards to reoperation risk, 2 studies favored MPs
[Chiang 2014; Glaser 2016], whereas 4 studies found no difference between prostheses [Prasongsukarn 2007; Brown
2008; Nishida 2014; Sakamoto 2016].
Major bleeding was found to be more prevalent in MPs
by 3 studies [Chiang 2014; Glaser 2016; Sakamoto 2016],
whereas 3 found no association with valve type [Brown 2008;
Nishida 2014; Minakata 2017].
Three publications that evaluated thromboembolism rate
found it to be lower in patients with BPs [Nishida 2014; Sakamoto 2016; Minakata 2017].
Stroke risk was not different in 3 studies that evaluated this
[Brown 2008; Chiang 2014; Glaser 2016].
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Consistent with other age groups, Nishida and colleagues
found a higher rate of SVD in patients with a BP valve
[Nishida 2014].
Endocarditis did not differ in 2 publications that evaluated
this outcome [Brown 2008; Nishida 2014].
DISCUSSION
The present systematic review illustrates the variability
of results from investigations into long-term mortality and
morbidity in young and middle-aged patients undergoing
AVR with either MP or BP. Our findings expand upon the
results published by Head and colleagues (2017), by including morbidities’ outcomes and additional relevant studies.
For the subgroup that extended to individuals aged 65 years,
all studies found no association between valve type and survival. Four of the 5 investigations that evaluated reoperation
favored MPs, whereas findings regarding bleeding and stroke
were variable in the few studies that reported on these. All

E77

The Heart Surgery Forum #2018-2131

guidelines reported allow for individualized choice regarding
prosthesis type in patients aged 60-65 years.
For the subgroup with age threshold expanded to 70 years,
the majority found no difference in mortality related to valve
type. Findings for bleeding and reoperation varied, whereas
thromboembolic risk was found to be increased in MPs in all
3 investigations that quantified this. For patients aged 60-70
years, the recent ACC/AHA update allows for a choice of
either prosthesis, whereas the STS and ESC/EACTS recommend BP for patients in the second half of this decade, and
allow a choice of either for those in the first half.
In the most controversial age group—young subjects aged
under 60 years—there was disagreement among publications
regarding the association of valve type with mortality and
risk of reoperation. Of 7 studies, 4 favored survival in MP
patients, whereas 3 found no difference. Although the study
by Goldstone and colleagues (2017) favored MP patients,
it should be noted that this study stratified patients into 2
age groups, 45-54 and 55-64 [Goldstone 2017].17 Thus, in
analyzing patients aged <60 years it differs among the other
studies in that it leaves out patients aged 55-59. It would be
interesting to analyze outcomes in these patients in an additional group, aged 45-59. Four studies favored freedom from
reoperation in MP patients, whereas 2 found no difference.
This makes it difficult to reach a consensus opinion, and
consequently to validate or invalidate guidelines on prosthesis choice for patients aged between 50 and 60 years. The
AHA/ACC focused update and STS guidelines allow for an
informed individualized choice, whereas ESC/EACTS maintains a recommendation for MPs.
It is well documented that the proportion of BPs being
implanted in younger patients has continued to increase,
despite some of the current clinical guidelines that would
advise MP implantation in many of these individuals. In a
large cohort of Swedish patients aged 50-69, BPs were used
in 58% of patients in the years 2006-2013, whereas between
1997 and 2002 they were implanted in only 17% of cases. The
average age of these patients remained constant during this
time, which supports that other factors are responsible for
this rise [Glaser 2016]. Similarly, in the United States, BP use
increased from 37.7% in 1998-2001, to 63.6% in 2007-2011.
Notably, this change was highest in younger patients aged 55
to 64 years [Isaacs 2015].
One explanation for the rise in BP implantation is likely
related to concern for quality of life and future complications.
Compared with BP patients, patients with MP have been
shown to have significantly greater anxiety over the prospect of thromboembolism [Myken 1995]. They also have a
higher likelihood of feeling bothered by the sound of their
valve, the possibility of bleeding, and the frequency of blood
work and office visits. Also, they were more likely to express
doubt in their valve choice at follow-up [Korteland 2016].
MPs have also been associated with lower physical function,
higher prevalence of disability, and worsened disease perception [Ruel 2005].
The main detractor from BP implantation in younger
individuals is the prospect of future SVD and reoperation.
Contemporary rates of early operative mortality from redo
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conventional aortic valve replacement (cAVR) are 3-7%,
approximately [Akins 1998; Jones 2001; Jamieson 2003;
Potter 2005]. When compared with primary AVR, redo cAVR
has been shown to have higher rates of operative mortality
(4.6% versus 2.2%, P <.0001), postoperative stroke, aortic
insufficiency, and pacemaker requirement [Kaneko 2015].
Contributing to increased reoperative risk is that although
patients may be good surgical candidates at their index procedure, upon redo AVR many will be septua- or octogenarians
with major comorbidities, placing them at higher surgical risk
[Kirsch 2004; Maganti 2009]. Transcatheter VIV implantation has emerged as a less invasive and possibly safer alternative to cAVR [Webb 2010; Webb 2013] and to this point has
mainly been utilized in patients at intermediate or high risk
for reoperation [Webb 2010; Ye 2015].
A recent metaanalysis of VIV implantation by Phan and
colleagues (2016) found VIV and cAVR to have similar rates
of 30-day all-cause mortality (6.4% versus 6.5%, P = .353),
as well as comparable hemodynamic outcomes. Occurrence
of stroke and bleeding was lower in VIV, whereas incidence
of moderate paravalvular leaks was higher. Notable was that
patients receiving VIV implantation were of more advanced
age (77.5 versus 66.7 years) and were more than twice as likely
to have hypertension, peripheral vascular disease, and chronic
kidney disease. Although these results are encouraging, the
authors point out that many of the included studies were of
small sample size, lacked long-term follow-up, and lacked
direct comparison between VIV and cAVR, highlighting the
need for large randomized controlled trials [Phan 2016].
The principle VIV technologies studied to date are the
self-expandable CoreValve (Medtronic, Minneapolis, MN,
USA) devices and balloon-expandable Edwards SAPIEN
(Edwards Lifesciences, Irvine, CA, USA) devices. In any new
guidelines, patient heterogeneity must be taken into account.
For example, it has been shown that in patients that require
implantation with small-orifice valves (≤21 mm), the use of
the balloon-expandable Edwards SAPIEN device resulted in
higher postprocedural gradients than with CoreValve technology [Dvir 2012]. High postprocedural gradients increase
risk of patient–prosthesis mismatch, a complication which is
associated with worse mortality and morbidity [Pibarot 2006].
A separate study that utilized multiple generations of balloonexpandable transcatheter valves, most of which were Edwards
SAPIEN, demonstrated small valve size (19 and 21 mm) was
a risk factor for decreased midterm survival (HR 6.2; 95% CI:
1.0-22.8, P = .013) [Ye 2015]. This concern is reflected in the
recent AHA/ACC focused update, which discourages VIV
implantation of smaller-sized valves. However, a later generation self-expandable valve, the CoreValve Evolut, was shown
to reliably lower the postprocedural gradient in patients who
undergo VIV implantation with a small-orifice valve. The
success of these valves in patients with small annuli is believed
to be due to their “low profile, optimized radial force, and
supra-annular positioning” [Diemert 2014].
As noted in the study by Phan and colleagues (2016),
patients receiving VIV implantation were older and less
healthy than patients undergoing surgery [Phan 2016]. This
bias towards treating such patients with a transcatheter
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approach, and younger and healthier patients surgically,
extends to transcatheter aortic valve replacement (TAVR) as
whole and is supported by current guidelines [Ponikowski
2016]. However, evidence is now emerging that supports the
use of TAVR in younger and healthier patients. Whereas historically clinical trials for TAVR have evaluated octogenarians,
a recent retrospective cohort study analyzed intermediate- to
prohibitive-risk patients that were aged <75 years (average
age 69) in 2 high volume Italian hospitals. A composite score
of clinical efficacy that took into account mortality, valve
positioning, prosthesis–patient mismatch, regurgitation, and
valve gradient found that 30-day efficacy was 90%, with a 2%
overall death risk. Valve efficacy at 1 year was 83% overall and
was significantly higher in intermediate-risk patients at 95%
(P = .004) [Fraccaro 2018]. In addition, a recent metaanalysis
comparing TAVR to surgical AVR in low- to moderate-risk
patients found no difference at one year in mortality, myocardial infarction, or length of hospital stay after surgery, as well
as a lower incidence of life-threatening bleeding and acute
kidney injury [Elmaraezy 2017].
An additional principle that continues to evolve is that of
postoperative anticoagulation in patients with BP implantation. Prescribing practices are currently varied, with a global
registry of 48 centers showing that in the first 3 months following hospital discharge after BP AVR without CABG,
only 63% of centers prescribe a vitamin K antagonist with
or without aspirin [Colli 2008]. In a randomized clinical
trial of 55 patients undergoing BP AVR, 4-dimensional CT
administered 30 days postoperatively showed reduced leaflet
motion in 40% of subjects. This rate was reduced in patients
receiving therapeutic anticoagulation versus those receiving
dual antiplatelet therapy and those receiving subtherapeutic
or no anticoagulation. Following imaging, leaflet motion was
eventually restored in all patients that continued or started
therapeutic anticoagulation, whereas this was not the case in
patients that remained free of anticoagulation. Despite differences in leaflet motion, there were no significant changes
in short-term hemodynamics or clinical outcomes. Conversely, in a cohort taken from 2 single-center registries,
rates of stroke or TIA were found to be higher in patients not
receiving anticoagulation [Makkar 2015]. A separate study by
Brennan and colleagues (2012) found that compared to aspirin only, a combination of warfarin and aspirin lowered both
mortality and risk of embolic events in the first 3 months following surgery, although this came at the cost of a higher risk
of bleeding [Brennan 2012]. Finally, an analysis of the Danish
National Patient Registry found a decreased risk of cardiovascular death when warfarin was administered for 6 months
postoperatively [Mérie 2012]. These findings are reflected in
the recent AHA/ACC update that recommends anticoagulation for 3-6 months after AVR with tissue prostheses.3
This analysis does have several limitations, primarily related
to the underlying studies. Comparisons between studies were
limited by heterogeneity between age populations. A metaanalysis was not possible owing to the lack of homogeneity between
study populations, as well as variability in the outcomes evaluated between studies. Additionally, all retrospective studies (17
of 19 in this review) are limited by significant inherent bias
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due to study design. Finally, the studies included encompass
a 16-year time period, during which there were significant
change in valve technology, indications for valve selection, and
frequency of TAVR placement. Future research should focus
on randomized controlled trials comparing valve type (bioprosthetic versus mechanical) for well-matched patients within
various age ranges (ie, aged <60, 60-70, >70 years). Additionally,
surgical AVR should be compared with transcatheter AVR for
low-, moderate-, and high-risk populations.
CONCLUSION
The optimal choice of prosthesis in young and middle-aged
patients undergoing AVR remains unclear. The present data
highlight the heterogeneity of evidence that informs clinical guidelines and practice. These guidelines currently vary,
especially in patients aged 50-60 years. Although classically
MPs have been recommended for such patients, lifestyle concerns and new technology such as VIV implantation have led
to an increase in the proportion of BPs implanted in younger
individuals. Currently, long-term data are lacking for patients
undergoing VIV procedures, as well as for patients implanted
with current generation valves. As new evidence continues to
emerge, it remains to be seen whether clinical guidelines will
fully endorse the currently observed shift towards the use of
bioprosthetic aortic valves in younger patients.
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