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Background: Sutureless and rapid-deployment aortic valve replacement (SURD-AVR) has become
a prominent area of research as the medical community evaluate its place amongst other aortic valve
interventions. The main advantages of SURD-AVR established to date are the reduced cross-clamp and
cardiopulmonary bypass (CPB) times, as well as facilitating minimally invasive surgery in high-risk surgical
patients. This current systematic review and meta-analysis, to our knowledge, is the first focusing on longterm outcomes regarding safety, efficacy and durability of SURD-AVR from available current literature.
Methods: A literature search via six electronic databases was performed from their inception to November
2019. Inclusion criteria for this systematic review included survival and postoperative echocardiographic
outcomes greater than five years in patients who underwent SURD-AVR with either Perceval or Intuity
valves. Studies were identified and data extracted by two independent reviewers. Long-term survival
outcomes were aggregated using digitized Kaplan-Meier curves where available.
Results: After applying predefined inclusion and exclusion criteria, four studies were identified for review. All
four studies were observational and in total reported data for 1,998 patients. Almost half (42.4%) of patients
underwent SURD-AVR via full sternotomy, with almost one third (30.1%) also undergoing concomitant
cardiac procedures. Aggregate overall survival rates at 1-, 2-, 3-, and 5-year follow-up were 94.9%, 91.2%,
89.0%, and 84.2%, respectively. Incidence of strokes (4.8%), severe paravalvular leaks (PVLs) (1.5%) and
permanent pacemaker (PPM) insertion (8.2%) at up to 5-year follow-up were acceptable. At 5-year followup hemodynamic outcomes were also acceptable for mean pressure gradient (MPG) (range, 8.8–13.6 mmHg),
peak pressure gradient (PPG) (range, 18.9–21.1 mmHg) and effective orifice area (EOA) (range, 1.5–1.8 cm2).
Conclusions: Evaluation of the evidence reporting long-term outcomes of SURD-AVR suggests that it is a
safe procedure for AVR with low rates of complications. Long-term outcomes presented in this review show
that not only does SURD-AVR have acceptable survival rates, but also good hemodynamic performance at
5-year follow-up.
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Introduction
Aortic stenosis (AS) remains the leading indication for valve
replacement surgery in developed countries (1) and the
ageing population contributes to increased prevalence of the
condition. Surgical aortic valve replacement (AVR) remains
a Class I recommendation in low and intermediate risk
patients (2). Approximately one third of patients presenting
with severe AS are considered too high-risk to proceed with
conventional AVR. Morbidity and mortality in isolated
conventional AVR have improved over time despite an
increase in patient age and comorbid profile (3).
Advances in surgical technology and techniques hope
to reduce surgical trauma, thus conferring fewer surgical
risks and resulting in shorter hospital stays. Sutureless and
rapid deployment (SURD) AVR is beginning to accumulate
long-term outcome data demonstrating that they present
a safe and effective alternative to conventional AVR
surgery (4). Compared to conventional AVR, SURDAVR has similar mortality and complication rates with
satisfactory hemodynamic performance. There is benefit
in shorter cardiopulmonary bypass (CPB) and cross-clamp
durations; both of which are independent risk factors for
postoperative morbidity and mortality (5). The advent
of transcatheter aortic valve replacement (TAVR) brings
technical advances and experience in prosthesis design
[and with it, fewer thromboembolic complications and less
paravalvular leakage (PVL) compared to earlier prostheses],
which has reinvigorated the SURD approach to AVR.
Severe AS can be treated by the three aforementioned
methods.
Patient selection is a critical factor given the strengths
and weaknesses of each approach. A recent meta-analysis (6)
compared the three modalities and revealed no differences
in 30-day mortality or postoperative stroke between them,
but concluded that TAVR and SURD were associated with
less postoperative bleeding. SURD was also associated
with less acute renal injury, but more conduction disease
compared to conventional AVR. However, a limitation of
that meta-analysis was that the authors pooled data from
studies regardless of differences in surgical risk (i.e., analysis
of outcomes in low, intermediate and high-risk patients).
There is a plethora of literature that has evaluated the
short-term safety and efficacy of SURD-AVR. However,
long-term data of SURD-AVR for outcomes such as
survival and hemodynamic performance is lacking. The
purpose of this review is to assess the long-term outcomes
including safety, clinical efficacy and complications of
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SURD-AVR based on available registry data and other case
series.
Methods
Literature search strategy
Six databases were used to perform electronic searches
including Ovid MEDLINE, EMBASE, PubMed, Cochrane
Database of Systematic Reviews (CDSR), SCOPUS
and Database of Abstracts of Review of Effectiveness
(DARE). These databases were searched from their dates
of inception to November 2019. The search strategy
included a combination of keywords and MeSH headings
including “aortic valve replacement OR AVR OR heart
valve prosthesis” AND “sutureless OR rapid-deployment”
(Supplementary file). Predefined selection criteria were used
to assess all relevant articles that were identified.
Selection criteria
Studies were eligible for inclusion in this systematic review
if (I) included patient cohorts which underwent SURDAVR with either the Perceval S (Sorin Group, Saluggia)
or Edwards Intuity (Edwards Lifesciences, California)
valves, and (II) long-term data (defined as at least 5 years
postoperatively) was available for survival rates and
echocardiographic performance. Studies were excluded if
they did not report complications as endpoints at long-term
follow-up. When trials/institutions published duplicate
studies with extended lengths of follow-up or a larger study
population, only the most updated and complete reports
were included for analysis. All studies were limited to those
in English and only involving human subjects. Abstracts,
case reports, conference presentations, editorials, reviews
and expert opinions were excluded.
Data extraction and critical appraisal
Data was extracted directly from publication texts, tables
and figures. Where a trial/investigator had published an
extended follow-up article, data regarding earlier reported
outcomes were extracted from that group’s previous
publication when required. All retrieved articles were
independently reviewed by two separate investigators
(MLW and AAM). Differences of opinion between the
two main reviewers were resolved through the means of
discussion and consensus, including senior investigators
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if necessary. All retrieved articles had their reference lists
reviewed to further identify any other relevant studies.
Additional information was sought from corresponding
authors when insufficient or indistinct data was identified.
The quality of the evidence reported in each included study
was assessed using the GRADE system (7).
Outcomes of interest
The primary outcomes included overall survival and
hemodynamic performance at 5-year post SURD-AVR.
Secondary outcomes included late and short-term followup incidence rates of postoperative outcomes [including
neurological events, permanent pacemaker (PPM) insertion
and severe paravalvular leak (PVL)], and operative details
including CPB and cross-clamp times.
Statistical analysis
Categorical and continuous variables were pooled using
meta-analysis of proportions or means, as appropriate,
using a random effects model. To facilitate this statistical
pooling, means and standard deviations were calculated
from the median (with range or interquartile range)
where reported using the methods described by Wan and
colleagues (8). Pooled data are presented as N (%) with
95% confidence intervals (95% CI). For outcome data,
heterogeneity amongst studies were assessed using the I2
statistic. Thresholds for I2 values were considered as low,
moderate and high heterogeneity as 0–49%, 50–74% and
≥75%, respectively (9).
The method reported by Guyot and colleagues was
used to aggregate overall survival data (10). This method
takes digitized Kaplan-Meier survival curves and patient
number-at-risk data to reconstruct individual patient data.
From this imputed individual patient data, an aggregate
survival curve can be created from the pooled cohort data.
Echocardiographic results were pooled where 50% or more
of studies reported such results.
All statistical analyses were performed using either Stata
(version 16.0, StataCorp, Texas, USA) or R (version 3.5.2,
R Foundation for Statistical Computing, Vienna, Austria).
Results
Quality of studies
The literature search identified a total of 1,269 studies
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(Figure 1). After exclusion of duplicate or irrelevant
studies, 47 articles were selected for full-text review. Four
studies with a total of 1,998 patients undergoing SURDAVR were deemed suitable for quantitative analysis, with
the remaining studies deemed unsuitable predominantly
for lacking adequate follow-up periods or duplication of
earlier datasets. Two studies did meet inclusion criteria
for outcomes, however, these cohorts received the 3F
Enable (ATS Medical, Minneapolis) SURD valve which is
no longer available on the market and therefore were not
included.
All four included studies were observational and
involved prospectively collected data (11-14) (Table 1).
All included studies had patient cohorts of greater than
250 undergoing SURD-AVR (11-14) (Table 1). Note that
although 83 patients from the study by Andreas et al., (13)
were also included in the TRITON trial (12), the small
overlap of patients between these two large cohorts were
deemed sufficiently small enough to warrant inclusion
of both studies. The Perceval S valve (n=1,211) and the
Edwards Intuity valve (n=787) were both used in two
studies each (Table 1). Note that the 5-year results from
the Pilot trial (15) were not included as these patients were
collated with patients from two other trials in the study by
Shrestha and colleagues (11), which are included in this
analysis.
The weighted mean follow-up period of all four studies
was 2.2 years. All included studies reported mean pressure
gradients (MPG) at 5 years postoperatively, whilst two
(11,12) and three (11,12,14) studies also reported peak
pressure gradient (PPG) and effective orifice area (EOA),
respectively. Quality assessment of each study using the
GRADE system is seen in Table 1 (7).
Baseline characteristics
Overall, the weighted pooled age of all patients was
76.2 years [95% confidence interval (CI), 73.5–78.1]. The
patient population was comprised of 43% males (95% CI,
31.9–54.5) with a pooled estimate body mass index (BMI)
of 27.8 kg/m2 (95% CI, 27.5–28.2). The majority of the
patients were in New York Heart Association (NYHA) III
or IV class of heart failure (56.4%; 95% CI, 39.4–72.7). A
small fraction of patients had previously undergone cardiac
surgery (5.5%; 95% CI, 0.9–13.5). The weighted pooled
estimate for the Society of Thoracic Surgery (STS) risk
score was 5.6% (95% CI, 2.9–7.2). Hypertension, history of
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Identification

Records identified through
database searching
(n=1,267)

Additional records identified
through other sources
(n=2)

Screening

Records after duplicates
removed
(n=829)

Eligibility

Records screened
(n=829)

Records excluded
(n=782)

Included

Full-text articles assessed for
eligibility
(n=47)

Full-text articles excluded, with reasons
(n=43)
- Inadequate outcomes/follow-up n=31
- Conference abstract n=3
- Systematic review n=2
- Cases included in a later study n=3
- Non-English studies n=2
- Excluded valve type n=2

Studies included in qualitative
synthesis
(n=4)

Figure 1 PRISMA flow-chart summarizing the search strategy for relevant publications.

Table 1 Study characteristics
Primary author

Year

Institution(s)

Study period

Type of
study

Type of
SURD valve

n

Mean
follow-up time
(years)

GRADE
score

Shrestha (11)

2016

Pilot, Pivotal and CAVALIER
trial centers (25 centers from
8 European countries)

2007–2012

OS, P

Perceval S

731

1.8±0.9*

+++

Laufer (12)

2017

TRITON trial—6 European
centers from Germany and
Austria

NR

OS, P

Intuity

287

3.7±1.4

+++

Andreas (13)

2019

Medical University of Vienna,
Vienna, Austria

2010–2017

OS, P

Intuity

500

1.6±1.8

+++

Glauber (14)

2020

SURE-AVR registry—
29 international centers

2011–2018

OS, P

Perceval S

480

2.4

+++

*, calculated from median and range using methods of Wan et al. OS, observational study; P, prospective; NR, not reported.
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76.2
(73.5–
78.1)
Pooled
estimate
(95% CI)

*, calculated from median and interquartile range using methods of Wan et al.; **, only reported previous valve surgery. BMI, body mass index; NYHA, New York Heart
Association; AF, atrial fibrillation; CAD, coronary artery disease; COPD, chronic obstructive airways disease; STS, Society of Thoracic Surgery; NR, not reported.

5.5
(0.9–13.5)
5.6
(2.9–7.2)
19.6
(17.2–
22.2)
27.5
(24.8–
30.4)
12.3
(10.5–
14.2)
13.1
(7.3–
20.1)
12.1
(8.5–
16.4)
59.5
(56.4–62.6)
28.2
(26.1–
30.3)
56.4
(39.4–
72.7)
27.8
(27.5–
28.2)

76±7
Glauber

43.0
(31.9–
54.5)

14
NR
17
17
NR
8
8
61
29
36
NR

74±8
Andreas

36

2**
2.5±1.6*
23
39
16
20
14
58
28
64
28±5

75±7
Laufer

54

NR
3.5±3.5
NR
NR
NR
NR
NR
NR
NR
53
28±4

79±5
Shrestha

51

8.5±8.6
NR
NR
10
12
15
NR
28
74
NR

AF/
flutter
(%)
Renal
failure
(%)
Dyslipidemia
(%)
Diabetes
(%)
NYHA III
or IV (%)
BMI
(kg/m2)
Male
(%)
Age
(years)

Late follow-up
Aggregation of overall survival at 1-, 2-, 3-, 4- and 5-year
follow-up were 94.9%, 91.2%, 89.0%, 86.9% and 84.2%,
respectively (Figure 2). Weighted pooled estimates for late
follow-up (up to 5-year follow-up) overall mortality and

Primary
author

Assessment of safety

Table 2 Patient’s characteristics

Pooled proportions of echocardiographic outcomes were
unable to be calculated accurately due to inconsistent
reporting of follow-up population numbers at the different
echocardiographic assessment time-points. All four studies
reported MPG at discharge, 1-, 3- and 5-year followup. The pre-operative MPG, PPG and EOA ranged
from 42.9±16.4 to 49.3±14.6 mmHg, 74.0±25.6 (preoperative PPG only reported in one study) and 0.70±0.20
to 0.75±0.23 cm 2, respectively. Mean reported figures
at discharge for MPG ranged from 10.3±4.4 to 13.9±
4.7 mmHg, PPG 20.0±7.6 to 20.4±8.5 mmHg and EOA
1.49±0.39 to 1.9±0.5 cm 2. Both 1- and 3-year followup had MPG figures ranging from 8.9±4.7 to 11.6±5.1
and 7.7±2.8 to 12.0±5.0 mmHg, respectively. Ranges for
PPG and EOA for the same follow-up time-points were
16.9±6.1 to 17.7±8.0 mmHg, 16.0±5.2 to 17.6±7.4 mmHg,
1.55±0.37 to 1.7±0.5 cm 2 and 1.4±0.4 to 1.7±0.2 cm 2,
respectively. The reported ranges for 5-year follow-up
were 8.8±4.6 to 13.6±8.6 mmHg for MPG, 18.9±9.3 to
21.1±9.7 mmHg for PPG and 1.5±0.5 to 1.80±0.30 cm2 for
EOA. Hemodynamic outcomes for all included studies are
summarized in Table 4.

Carotid
artery
disease
(%)

Assessment of hemodynamic outcomes

32

CAD (%)

COPD
(%)

STS
score
(%)

Previous
cardiac surgery
(%)

strokes and peripheral vascular disease were poorly reported
in only one study. Baseline characteristics for included
studies are summarized in Table 2.
Almost half of the SUDR-AVR were performed
through a conventional full sternotomy. Weighted pooled
estimates were 42.4% for full sternotomy, 31.6% for ministernotomy and 24.9% of patients underwent right anterior
thoracotomy SURD-AVR. Pooled cross-clamp and CPB
time were 55 minutes (95% CI, 42.3–68.6) and 85 minutes
(95% CI, 64.4–108.4), respectively. The proportion of
patients undergoing a concomitant procedure along with
the SURD-AVR represented almost one third of the patient
cohort (30.1%), the majority of which was coronary artery
bypass grafting (CABG) (17.6%). Operative details are
summarized in Table 3.

3
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74

68

53

0

42.4
(5.7–
85.3)

Shrestha

Laufer

Andreas

Glauber

Pooled estimate
(95% CI)

31.6
(18.9–
45.9)

45

23

28

26*

MS (%)

24.9
(3.2–
57.5)

55

24

4

26*

RAT (%)

30.1
(11.3–53.2)

5

47

45

33

Concomitant
procedure (%)

17.6
(4.1–37.7)

1

28

27

26

Concomitant
CABG (%)

54.7
(42.3–
68.6)

51±17***

82±32

53±26

39±18

Crossclamp
time (mins)

85.0
(64.4–
108.4)

81±27***

121±46

85±37

63±27

CPB time
(mins)

6.8
(5.1–
8.7)

–

11

0

–

19
mm
(%)

20.9
(15.2–
27.3)

15**

24

30

17**

21 mm
(%)

38.0
(27.7–
48.9)

32**

34

35

52**

23 mm
(%)

30.6
(22.8–
38.9)

42**

23

27

31**

25 mm
(%)

5.2
(0.4–
14.7)

11**

9

7

0**

27 mm
(%)
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MPG

EOA

MPG

MPG

PPG

EOA

MPG

PPG

EOA

MPG

5-year

0.7–0.75

1.7±0.4

1.9±0.5

10.3–13.9 20.0–20.4 1.49–1.9

13.9±4.7 NR

13.0±5.0 NR

10.6±4.2 20.0±7.6 1.7±0.2

1.7±0.5

NR

8.9–11.6 16.9–17.7 1.55–1.7

11.6±5.1 NR

11.0±4.0 NR

9.0±3.5

1.4±0.4

NR

2

7.7–12.0 16.0–17.6 1.4–1.7

11.3±5.4 NR

12.0±5.0 NR

9.6±4.3 17.6±7.4 1.7±0.2

MPG, mean pressure gradient (mmHg); PPG, peak pressure gradient (mmHg); EOA, effective orifice area (cm ); NR, not reported.

42.9–49.3 –

Range

NR
0.7±0.2

NR

Andreas NR

NR

Glauber 49.3±14.6 NR

NR

NR

EOA
21.1±9.7 1.80±0.30

PPG

1.5±0.5

NR

8.8–13.6 18.9–21.1 1.5–1.80

13.6±8.6 NR

11.0±3.0 NR

10.5±5.4 18.9±9.3 1.6±0.3

16.9±6.1 1.7±0.2

EOA

3-year

Laufer

PPG

1-year

17.7±8.0 1.55±0.37 7.7±2.8 16.0±5.2 1.64±0.42 8.8±4.6

PPG

Discharge

Pre-operative

Shrestha 42.9±16.4 74.0±25.6 0.75±0.23 10.3±4.4 20.4±8.5 1.49±0.39 8.9±4.7

Primary
author

Table 4 Hemodynamic outcomes

*, only reported as minimally invasive; **, Perceval valve sizing included as small =21 mm, medium =23 mm, large =25 mm, extra-large =27 mm; ***, calculated from median
and interquartile range using methods of Wan et al. FS, full sternotomy; MS mini-sternotomy; RAT, right anterior thoracotomy; CABG, coronary artery bypass grafting; CPB,
cardiopulmonary bypass; NR, not reported.

FS (%)

Primary author

Table 3 Operative details
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Overall survival

100%

75%

50%

25%

0%

Numbers at risk:
1998
1178
0

740

559

383

165

2

3

4

5

1

Years after surgery

Figure 2 Aggregated overall survival after SURD-AVR. Aggregated from the four included studies via methods described above (shaded
region represents 95% CI).

Table 5 Late postoperative outcomes up to 5-year follow-up (including early <30 days outcome numbers)
Parameter

Events/total

N

Weighted pooled estimate (95% CI)

Heterogeneity I2 (%)

All-cause mortality

179/1,998

4

8.9 (5.4–13.2)

89

Cardiac-related mortality

53/1,498

3

3.7 (1.2–7.2)

89

PPM

160/1,998

4

8.2 (5.9–10.8)

74

CVA

90/1,998

4

4.8 (2.7–7.6)

85

Severe PVL

33/1,998

4

1.5 (0.4–3.0)

81

PVL (all)*

165/1,998

4

9.2 (2.8–18.7)

97

Valve thrombosis

0/1,518

3

–

–

Endocarditis

25/1,998

4

1.1 (0.5–1.9)

55

Explantation

47/1,998

4

2.3 (1.7–3.1)

7

SVD

8/1,998

4

0.4 (0.0–1.1)

73

*, all reported severities of PVL. N, number of studies; CI, confidence interval; PPM, permanent pacemaker; CVA, cerebrovascular accident
(stroke and TIA included); PVL, paravalvular leakage; SVD, structural valve deterioration/degeneration.

cardiac-related mortality were 8.9% (95% CI, 5.4–13.2;
I2=89%) and 3.7% (95% CI, 1.2–7.2, I2=89%), respectively
(Table 5). Late neurological events had a pooled estimate
of 4.8% (95% CI, 2.7–7.6; I2=85%). There were 25 total
cases (1.1%; 95% CI, 0.5–1.9; I 2=55%) of endocarditis
during late follow-up. Pooled proportions of PPM
insertion and valve explantation were 8.2% (95% CI,
5.9–10.8; I2=74%) and 2.3% (95% CI, 1.7–3.1; I2=7%),
respectively. Severe PVL was only 1.5% (95% CI, 0.4–3.0;
I2=81%). There were no reported valve thromboses and
only eight total cases (0.4%; 95% CI, 0.0–1.1; I2=73%) of
structural valve deterioration (SVD) reported during late

© Annals of Cardiothoracic Surgery. All rights reserved.

follow-up.
Early follow-up
All four studies reported early follow-up (<30 days) mortality
rates (Table S1). Weighted pooled estimates of these
figures were 1.4% (95% CI, 0.4–3.1; I2=84%) (Table 6).
Rates of early neurological events and major bleeding
were 2.7% (95% CI, 1.7–3.8; I 2=55%) and 2.4% (95%
CI, 0.03–7.6; I2=95%), respectively. There were only two
reported cases of endocarditis in one study and rates of
valve explantation were 1.1% (95% CI, 0.6–1.6; I2=0%).
Weighted pooled estimate of PPM insertion was 6.0%
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Table 6 Early outcomes (within 30 days postoperatively)
Parameter

Events/total

N

Weighted pooled estimate (95% CI)

Heterogeneity I2 (%)

All-cause mortality

36/1,998

4

1.4 (0.4–3.1)

84

Cardiac-related mortality

20/1,498

3

1.1 (0.2–2.7)

79

PPM

122/1,998

4

6.0 (4.0–8.4)

77

CVA

52/1,998

4

2.7 (1.7–3.8)

55

Thromboembolism

19/1,998

4

0.5 (0–1.9)

88

Bleeding

32/1,267

3

2.4 (0.03–7.6)

95

Severe PVL

13/1,498

3

0.7 (0.1–1.6)

59

Valve thrombosis

0/1,998

4

–

–

Endocarditis

2/1,998

4

–

–

Explantation

22/1,998

4

1.1 (0.6–1.6)

0

SVD

0/1,518

3

–

–

N, number of studies; CI, confidence interval; PPM, permanent pacemaker; CVA, cerebrovascular accident (stroke and TIA included); PVL,
paravalvular leakage; SVD, structural valve deterioration/degeneration.

(95% CI, 4.0–8.4; I2=77%) and severe PVL was 0.7% (95%
CI, 0.1–1.6; I2=59%), at early follow-up. There were no
reported valve thromboses or SVD.
Discussion
Aortic valve disease, specifically AS, remains the most
prevalent valvular pathology within Western countries
(16,17). The long-standing treatment for aortic valve
disease has been AVR via full median sternotomy (3).
However, the treatment of aortic valve disease has
become topical again since the introduction of TAVR
and minimally invasive surgical approaches in an effort
to minimize morbidity and mortality, especially for highrisk surgical patients. Recently, since the introduction of
TAVR, the study of SURD-AVR has been reinvigorated
since the concept was first explored by Magovern
and colleagues in the 1960’s (18). Short-term results
for SURD-AVR have been published extensively in
the literature and show that it is a safe alternative to
conventional AVR (19). This is the first review article, to
our knowledge, that analyzes long term efficacy, safety and
durability of SURD-AVR.
The aggregated 5-year overall survival of 84.2%
from this current study shows that SURD-AVR is a safe
procedure at long-term follow-up. This overall survival
compares well with other 5-year survival rates in the
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literature, such as the 82.9% reported by Kvidal and
colleagues for conventional AVR in a cohort of over 2,000
patients (20). Pooled proportions of long-term outcomes for
all cause and cardiac-related mortality were 8.9% and 3.7%,
respectively, which compare favorably to previous data,
such as the 15.0% all-cause 5-year mortality rate reported
by Koene and colleagues (21) for conventional AVR.
Hemodynamic outcomes of SURD valves are a key
performance indicator of their efficacy as an alternative
to conventional-AVR for the treatment of AS. At present,
there is minimal available literature regarding the longterm hemodynamic performance of SURD valves. All
included studies in this current review reported MPG,
PPG and EOA data at 5 years, which had significantly
improved compared to pre-operative figures. Overall, the
hemodynamic performance of SURD-AVR long-term
appears to be very promising and comparable to other
conventional bioprosthetic AVRs (22,23).
SURD-AVR, similarly to conventional AVR, requires
excision of the valve and decalcification of the annulus.
However, the need for numerous annular sutures is
removed and only a small number of guiding sutures are
required. Therefore, the main benefits of SURD-AVR are
predominantly its advantage of reduced CPB and crossclamp times and facilitating minimally invasive surgical
approaches for AVR. There is already substantial evidence
in the literature that increased morbidity and mortality in
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cardiac surgery are linked to protracted cross-clamp and
CPB durations (24,25). In this meta-analysis, the pooled
estimates for cross-clamp and CPB time were 54.7 and
85.0 minutes, respectively. This is slightly higher than
those reported in a recent meta-analysis for SURD-AVR
which reported cross-clamp and CPB times of 45.6 and
73.1 minutes, respectively (19). However, this meta-analysis
by Sian and colleagues only analyzed the Perceval SURD
valve, which has been associated with reduced operative
times when compared to the Intuity valve in recent studies
(26,27). Similar results regarding shorter operative times
for the Perceval (range 39–51 minutes cross-clamp and
63–81 minutes CPB time) compared to the Intuity
(53–82 minutes cross-clamp and 85–121 minutes CPB time)
valve were also found in this current study. Data regarding
isolated and concomitant SURD-AVR cross clamp and
CPB times were only available for two of the included
studies (data not shown) (11,13). Weighted means of this
data were 47.9 and 75.5 minutes for cross-clamp and CPB
times, respectively, for isolated SURD-AVR, compared to
69.0 and 103.6 minutes for cross-clamp and CPB times,
respectively, for concomitant SURD-AVR. The results seen
in this current meta-analysis compare favorably to the crossclamp (78 minutes) and CPB (106 minutes) times from the
STS database for conventional isolated AVR with median
sternotomy (28).
Complications such as postoperative stroke, valve
degeneration, PVL and conduction disorders are other
important considerations with any valve-replacement
intervention. The incidence of postoperative neurological
events were low with pooled rates of 2.7% at 30 days
and 4.8% at long-term follow-up, which appear to be
comparable to previously published incidence of strokes
for conventional AVR (3). In comparison, 30-day stroke
rates of 3.3% have been reported for TAVR in a large
meta-analysis (29) and recent published evidence of
5-year follow-up TAVR data reports rates of neurological
events ranging from 13.2% to 19.5% (30,31). Incidence
of SVD was low, specifically 0.0% at 30 days and 0.4% at
late follow-up. PPM insertion has been a focal point of
SURD-AVR and has been reported as high as 23% (32),
however the majority of studies within the literature report
a much lower range of 6–9% (33,34). Pooled estimates
from this current meta-analysis of 6.0% at early and 8.2%
at late follow-up for PPM insertion fall within this range
reported in the literature. The PPM insertion rates from
this current study are also much lower than those reported
for TAVR (13.2%) and acceptable when compared to the
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3.0% reported for conventional AVR in the meta-analysis
by Cao et al. (35). A recent meta-analysis (36) reported
PVL incidence of 4.2% at 30-day and 5.9% at 1-year
follow-up after TAVR. In the same study, incidence rates
of severe PVL were 0.4% (30-day) and 0.5% (1-year
follow-up). In the current study, the pooled estimate for
severe PVL at 30 days (0.7%) is comparable to the rate
reported in that study. The pooled estimates of 1.5% for
severe PVL and 9.2% for all severity PVL at long-term
follow-up are higher than those reported by Lazkani et al.,
however, the follow-up periods are significantly different
(1 vs. up to 5-year). Some evidence in the literature has
suggested that PVL incidence rates are associated with a
learning curve for the technique of implantation and there
is a significant reduction over time with greater operator
experience (5).
There are limitations surrounding this present study
which need to be considered when interpreting the above
findings. There was significant heterogeneity for a number
of outcomes, including mortality, PPM insertion, PVL
and neurological events. This could represent the varying
degrees of technical experience between institutions and/
or the differences seen between the different types of
SURD valves. The included studies also inconsistently
reported loss to follow-up. Only one study (14) reported
other important outcomes such as total length of stay
and length of stay in intensive care. The observational
nature of all included studies, and therefore lack of
randomization and blinding, present an inherent source of
bias in this study. In addition, as mentioned above, two of
the included studies (12,13) had a small overlap of patients
within their cohorts, creating another possible source of
bias. Further studies with long-term results, with minimal
loss to follow-up, and randomization comparing SURDAVR to conventional AVR and TAVR are required to
further assess the safety and efficacy of SURD-AVR to the
aforementioned alternatives.
Conclusions
In summary, sutureless and rapid-deployment AVR
(SURD-AVR) provides a safe and reliable option alongside
established therapies in the armamentarium for treatment
of AS. Long-term overall survival post SURD-AVR has
been proven to be acceptable. Safety and durability of
SURD-AVR are also acceptable with low complication
rates and good long-term hemodynamic outcomes. Further
evidence, such as longer-term studies with more robust
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patient population follow-up, as well as randomized control
trials are needed to further assess the clinical outcomes of
SURD-AVR.
Expert opinion: rapid deployment valves—time
doesn't matter
Utz Kappert, Manuel Wilbring
Williams and colleagues report favorable long-term
outcomes of rapid deployment aortic valves (RDV) in
a systematic review based on nearly 2,000 patients. It
is exceedingly helpful to have the positive clinical and
hemodynamic results of RDV’s confirmed, as the topic
of treating high-grade aortic stenosis is a matter of lively
debate that has increased in complexity. Instead of one
access route and two kinds of prostheses, as it was fifteen
years ago, today we have various surgical access routes with
many different valve types, complemented by interventional
approaches with likewise a large variety of valve prostheses.
RDV’s on one hand strongly promote minimally invasive
techniques for conventional aortic valve replacement,
and on the other hand partially diminish the problem
of prosthesis-patient-mismatch or indication for rootenlargement procedures. Thus, RDV’s have advanced
to an essential part of our valve armamentarium. To
enhance safety and predictability it is essential to gain best
knowledge about the anatomical conditions prior to the
procedure. The almost obligatory computed tomography
analysis helps to plan access routes, measure annular
diameters, choose best prostheses and in general make the
operation projectable.
The study by Williams et al. emphasizes the value
of RDV’s: 84.2% five-year survival, low rates of severe
paravalvular leakage (1.5%), acceptable pacemaker rates
(8.2%) and lastly a strong promotion of minimally invasive
approaches with a preserved high safety profile. The
often-cited time advantage is subordinate—time does not
matter.
Points of discussion always include pressure gradients.
Williams et al. report satisfactory and stable gradients
after five years (Pmean 8.8–13.6 mmHg). Of course,
there exist prostheses with lower gradients—but the
key point is interpretation of gradients. Gradients are
multifactorial and depend on prosthesis design and size,
hemodynamic situation, afterload, blood pressure or
potential hemodilution. If real and comparable gradients are
to be determined, a core-lab transthoracic echocardiogram
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with defined parameters, at adjusted bias parameters and
at a defined point in time after the intervention is needed.
Unless that is achieved, experience, sizing and resulting
clinical performance matters. The excellent durability and
clinical performance reported places the whole discussion
about gradients into question.
Expert opinion: sutureless and rapid-deployment
valves for which patients
Thierry Folliguet, Antonio Fiore
SURD valves stem from the intention to offer an alternative
to traditional flexible prostheses (stented and stentless
biological valves) using conventional open-heart surgery.
Several propensity-matched studies and meta-analyses,
which compared rapid-deployment sutured and sutureless
valves with conventional bioprostheses for AVR, have
shown superiority of these valves in terms of surgical
times, perioperative atrial fibrillation, transfusion rates,
and intensive care unit and hospital stay except for post
pacemaker implantation (37).
Studies confirm that these valves may offer additional
benefits for patients with a small aortic annulus or in
patients with aortic wall abnormalities, such as a calcified
aortic root (38).
A recent prospective and randomized study, the
PERSIST-AVR trial, demonstrates the superiority of the
sutureless valve over stented valves for procedural times,
either in isolated or combined procedures (39). Combined
procedures such as double valves or AVR and coronary
artery bypass grafting can be challenging in elderly patients
with longer CPB times resulting in increased morbidity
such as acute renal failure. Reducing the CPB and cross
clamp time is a major advantage of the SURD valves for
these patients.
Minimally invasive techniques are greatly facilitated
by the design of these valves in addition to low rates of
reoperation, which make these valves an important addition
to surgical AVR technologies (5,14).
Expert opinion: how long is a long time?
Antonio Miceli
A number of studies have demonstrated the advantages of
SURD valves in terms of 30-day mortality and morbidities,
especially in the minimally invasive setting (28,40,41).
Nevertheless, few papers have focused on long-term
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outcomes. In this issue of the Annals of Cardiothoracic
Surgery, Williams et al. used meta-analysis to investigate the
safety, efficacy and durability of SURD-AVR from current
literature. As expected, out of 1,267 papers screened,
only four were identified for analysis, highlighting the
lack of data. Results suggest the use of SURD valves over
conventional sutured valves as they reduce operative times,
facilitate minimally invasive approaches and long-term
outcomes do not differ from other valves. Specifically,
overall survival at 1, 3, and 5 years were 94.9%, 89% and
84% respectively, with acceptable rate of stoke (4.8%),
paravalvular leakage (1.5%) and permanent pacemaker
implantation (8.2%) up to five years. However, the
limited sample size limits the accuracy of these data. The
percentage of patients at risk for survival was 59%, 28%
and 8% at 1-, 3- and 5-year, respectively, revealing that
only 165 patients were available for survival analysis at
5-year. Furthermore, long-term secondary outcomes
were related to events occurred >30 days and expressed as
linearized event rates per patient year (%ppy) of follow-up.
Therefore, late postoperative outcomes reported with %
(events/total) in Table 5, do not reflect the real percentage
of complications because of the low number of patients
at risk (total is not 1,998). Finally, the weighted mean
follow-up of these studies was only 2.2 years, which is far
from the conventional 10-year outcomes. Structural valve
degeneration and hemodynamic performances are the main
key factors for judging the valve durability. Perceval and
Intuity valves represent an evolution of well-recognized
valves such as Pericarbon and Perimount Magna Ease,
which have provided excellent long-term durability（42,43).
The associated sutureless/rapid deployment technology has
made AVR a safe and fast implantation procedure with no
trauma on the aortic annulus and leaflets. The combination
of these factors should guarantee the long-term durability.
However, studies with accurate longer follow-up are
required. The results of the Perceval Sutureless Implant vs
Standard (PERSIST) AVR controlled randomized trial will
give us detailed information on 5-year outcomes defining
the future of these valves.

portfolio of aortic valve substitutes giving surgeons another
option for patients with aortic valve stenosis requiring a
biological prosthesis. Conventional stented prostheses and
SURD-AVR enable surgeons to implant an aortic valve
prosthesis with conventional surgery (CS) and minimally
invasive cardiac surgery (MICS) while transcatheter
(TAVR) devices are implanted through a “micro-invasive
approach” (μ-ICS), meaning no cardiopulmonary bypass,
on the beating heart, completely percutaneously (or with
a very small skin incision) and possibly with no general
anesthesia (44). With so many options the choice of
the most appropriate device becomes crucial in order
to tailor every procedure to the single patient and to
optimize results. This selection algorithm should take
into consideration several aspects like surgical risk profile,
clinical and anatomical characteristics and patient’s
preferences. The first step of this process is to select among
CS, MICS or μ-ICS. Once CS or MICS have been selected
then the choice is between conventional bioprostheses or
SURD-AVR. As far as SURD-AVR is concerned, our task
is to identify which patients will benefit more from SURDAVR and, which patients should not receive SURD-AVR.
This paper by Dr. Williams and colleagues, highlights the
main advantages and disadvantages of SURD and gives us
more insights into the knowledge of these relatively new
devices. Based on Dr. William’s findings and also on our
experience, we believe that SURD-AVR is indicated in
patients requiring short surgical times, in those scheduled
for minimally invasive and/or combined procedures and
in those with small aortic annulus (due to remarkably low
gradients, especially in small sizes). On the other hand,
SURD-AVR should not be performed in patients with
pre-existing conduction disorders (due to the high risk of
postoperative permanent pacemaker implantation), in those
with a need for valve oversizing (due to the risk of prosthesis
displacement with consequent severe paravalvular leak)
and in those with unfavorable anatomy like asymmetric
bulky calcifications, bicuspid aortic valve, intramuscular
calcifications, very oval and asymmetric annulus (due to the
risk of paravalvular leak).

Expert opinion: aortic valve bioprostheses: a
wide range of choices requiring a selection
algorithm

Expert opinion: SURD valve durability: the
younger the better

Augusto D’Onofrio, Giorgia Cibin, Gino Gerosa
The introduction of SURD-AVR has expanded the
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Mattia Glauber
Williams et al. have completed a meta-analysis on the
available literature investigating the durability of SURD
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valves. Safety, efficacy and hemodynamic performance have
been largely demonstrated by several short and medium term
studies. The advantages have proven to be more evident
in the presence of a minimally invasive cardiothoracic
surgery (MICS) approach. However research and results
on long-term outcomes remains poor and the lack of data
is confirmed by the fact that only four studies qualified for
analysis from 1,267 screened papers.
The interesting outcome of this meta-analysis is that
long-term results of SURD valves do not differ from
traditional sutured valves. However, they are recommended
over standard valves as they provide shorter operative time
and facilitate MICS procedures. It is well known that valve
durability is influenced by hemodynamic performance,
freedom from structural valve degeneration (SVD), PVL,
thrombosis and endocarditis; moreover cross-clamp and
cardiopulmonary bypass time, pacemaker implant and
prosthesis mis-match play a role in survival.
Meuris et al. report the 5-year clinical and hemodynamic
outcomes. Overall 5-year survival was 72.3%, and freedom
from endocarditis and atrioventricular block was 90.7%
and 91%, respectively. Additionally, no hemolysis, stroke,
or valve thrombosis, dislodgment or SVD was observed
within the 5-year follow-up (15). Shrestha and colleagues
confirmed this, reporting midterm clinical and hemodynamic
results on 731 patients undergoing aortic valve replacement
in twenty-five European centers. Most important, neither
valve migration, SVD or thrombosis was observed at 5-year
follow-up. In addition, the rate of major PVL was 1.4% and
1% at early and late follow-ups (45).
Following evidence on the safety and durability of SURD
bioprostheses out to midterm follow-up, it is reasonable
to consider shifting the age limit to younger patients given
reoperative surgery has a lower risk if the first procedure is
performed through a MICS approach and the potential of a
future valve in valve (ViV) solution (46).
SURD valves have proven to be safe and suitable for
ViV due to the high radiopacity, low risk of coronary
obstruction and the expandable stent of Perceval that allows
larger-sized transcatheter aortic valves with lower postimplant gradients (47,48).
Ten-year durability follow-up data of SURD valves is still
missing however the actual data looks promising. Treating
disease by surgical removal of the native valve still represents
the best therapy for a wide number of young, low and
medium risk patients affected by degenerative or congenital
valve disease. Whether SURD valves may be considered,
especially when combined with MICS, the best alternative
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to conventional sutured prostheses and transcatheter aortic
valves has yet to be confirmed by wider studies.
Expert opinion: the lesson of SURD-AVR’s
outcomes: the more tailored, the better
Theodor Fischlein, Francesco Pollari
The metanalysis of Williams and colleagues investigated
early and long-term outcomes of SURD prostheses. In
addition to the findings regarding long-term survival (up to
5 years in this study), the low rate of surgical complications
is also remarkable. It seems that after a learning phase
and a better understanding of risk factor and application
possibilities, the complication rate following SURD-AVR
reduced significantly over the years. The basic lesson is that
we should learn to exploit the features of each prosthesis.
On one hand, the sutureless prosthesis provides significant
advantages in small and severely calcified annuli, as well as
in mini-thoracotomy cases and redo-AVR. On the other
hand, due to its different structure, the rapid deployment
prosthesis can simplify the operation in case of combined
procedures with coronary revascularization (when many
proximal anastomoses on the ascending aorta are needed)
or in case of ascending/root dilatation. The big advantage
of surgery is precisely the possibility to adapt and provide
each patient with an individual treatment in order to achieve
a low complication rate. The most striking example is the
reduction of postoperative pacemaker implantation (PPI)
after SURD-AVR. The recent introduction of a new version
of the sutureless prosthesis, the Perceval Plus (LivaNova
PLC., London, United Kingdom), with a thinner annular
portion, in association with other surgical refinements (49),
did dramatically reduce the incidence of PPI. Indeed, the
high heterogeneity in the present metanalysis reflects
this phenomenon. This achievement demonstrates how
important and worthwhile can be a critical analysis of
outcomes, such as the presented work of Williams and
colleagues, which brings a precious light on the early and
long-term outcomes of SURD-AVR.
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Supplementary

Example search string used for database searches
(I)
(II)
(III)
(IV)
(V)
(VI)
(VII)
(VIII)
(IX)
(X)

Aortic Valve/or Aortic Valves Stenosis/
Heart Valve Prosthesis/or Heart Valve Prosthesis Implantation/
Aortic valve replacement* or AVR*
Sutureless*
Rapid-deployment* or rapid deployment*
SURD*
1 or 2 or 3
4 or 5 or 6
7 and 8
Remove duplicates from 9

Table S1 Example of original extracted data by study (for early <30 days outcomes) prior to collation seen in Tables 4 and 5 in main text
Primary
author

Mortality Cardiac
(%)
death (%)

PPM
(%)

AF
(%)

CVA
(%)

TBB
(%)

EndoValve
Bleeding TP Explants
Hemolysis
carditis
thrombosis SVD
(%)
(%)
(%)
(%)
(%)
(%)

Severe
PVL (%)

Shrestha

3.4

1.9

6.0

NR

1.6

2.3

NR

NR

1.4

0.3

0.5

0

0

1.4

Laufer

1.7

1.7

6.6

NR

3.8

0.3

7.7

NR

1.4

0

0

0

0

0.7

Andreas

0.8

NR

8.6

NR

3.6

0

0.2

NR

1.0

0

NR

0

0

NR

Glauber

0.4

0.2

3.3

NR

2.3

0.2

1.9

0.4

0.6

0

NR

0

NR

0.2

–

1.1
(0.6–1.6)

–

–

–

–

0.7 (0.1–
1.6)

Weighted
1.4
1.1
6.0
estimate (0.4–3.1) (0.2–2.7) (4.0–8.4)
(95% CI)

–

2.7
0.5
2.4
(1.7–3.8) (0–1.9) (0.03–7.6)

PPM, permanent pacemaker; AF, atrial fibrillation; CVA, cerebrovascular accident; TBB, thromboembolism; TP, Tamponade; SVD,
structural valve deterioration/degeneration; PVL, paravalvular leakage; NR, not reported.

