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Background: The treatment of aortic valve disease is the most common valvular surgery in industrialized
nations, with 3-9% of the population over the age of eighty having at least moderate aortic stenosis. As
transcatheter aortic valve replacement (TAVR) has become more established, newer surgical prostheses have
been developed with a variety of anchoring systems that do not rely solely on sutures to hold the valve in an
appropriate position. The Edwards Intuity valve is a bovine pericardial prosthesis that is modelled on the
widely implanted Perimount MagnaEase aortic prosthesis. The Perceval valve is a bovine pericardial valve
attached to a self-expanding nitinol stent, which uses the radial force exerted on the patient’s aortic annulus
and aortic root by the stent portion to hold the valve in position. This meta-analysis compares the outcomes
of comparative studies of these two valve systems.

Methods: This systematic review and meta-analysis compares the outcomes of rapid deployment valves
(RDV) and sutureless valves (SURD) and was performed in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) recommendations and guidance. The search strategy
interrogated six electronic databases. Outcomes measured included all-cause mortality at latest follow up,
stroke, cross-clamp and cardiopulmonary bypass (CPB) times, pacemaker implantation rates, paravalvular
leak and post-operative transvalvular gradient.

Results: The search strategy identified 407 unique papers for initial assessment with seven studies qualifying
for inclusion in the analysis. The outcomes of 4,076 patients (1,650 RDV, 2,426 SURD) were included.
There was no difference in mortality, stroke or moderate or worse paravalvular regurgitation between the two
groups. SURD had significantly shorter CPB time by 15.7 minutes [95% confidence interval (CI): 4.2-27.1;
P=0.007] and a shorter cross-clamp time by 11.3 minutes (95% CI: 6.3-16.3; P<0.001) compared to RDV.
RDV had a lower post-operative transvalvular gradient by 2.5 mmHg (95% CI: 1.2-3.8; P<0.001) and a lower
rate of mild paravalvular regurgitation (OR 2.51; 95% CI: 1.435-4.768; P=0.004).

Conclusions: Both valve types have an adequate safety profile and are comparable to conventional
sutured prostheses. There was a significant reduction in cross-clamp and CPB times associated with
SURD. This may be of benefit for patients requiring multiple concomitant procedures and increases the
utility of minimally invasive valve replacement. However, SURD was associated with higher post-operative

transvalvular gradients and a higher incidence of paravalvular regurgitation.
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Introduction

The treatment of aortic valve disease is the most common
valvular surgery in industrialized nations (1), with 3-9% of
the population having at least moderate aortic stenosis over
the age of 80 (2). Historically, surgical valve replacement has
been the gold standard procedure. However, the treatment
of aortic valve pathology has been in a state of flux for the
last two decades with an increase in the use of transcatheter
aortic valve replacement (TAVR) in low-risk patients (3).
As TAVR has become more established, newer surgical
prostheses have been developed with a variety of anchoring
systems that do not rely solely on sutures to hold the valve
in the appropriate location. Three solutions were eventually
brought to market: the 3F Enable prosthesis (ATS Medical,
Inc, Minneapolis, MN, USA), the Perceval valve (Perceval,
Livanova PLC, London, UK) and the Intuity valve (Intuity,
Edwards Lifesciences, Irvine, CA, USA).

The 3F Enable valve is comprised of a self-expanding,
nitinol-stented prosthesis that is secured to the surgically
debrided aortic annulus with two sutures. After
development, this valve solution suffered several valve
dislodgements and has been subsequently removed from the
market. The Edwards Intuity valve is a bovine pericardial
prosthesis that is modelled on the widely implanted
Perimount MagnaEase aortic prosthesis and has been
modified to include a balloon expandable sub-annular skirt
that prevents paravalvular regurgitation after the valve is
deployed. Three sutures that are equally spaced around the
surgically debrided aortic annulus secure the valve, thus it is
described as a rapid deployment valve (RDV). The Perceval
valve is a bovine pericardial valve attached to a self-
expanding nitinol stent. It is initially guided into position
using three sutures, which are subsequently removed, and
the valve is held in position by the radial force that the valve
stent exerts on the aortic annulus and aortic root. This valve
is described as a sutureless rapid deployment valve (SURD).

These solutions attempt to reduce surgical trauma by
reducing cross-clamp and cardiopulmonary bypass (CPB)
times. Furthermore, newer prostheses have increased
the utility of minimally invasive approaches through
anterolateral thoracotomy and upper hemisternotomy.
These approaches aim to reduce short-term morbidity
associated with surgical intervention while maintaining the
long-term surgical benefits. This review aims to determine
whether any important differences in the outcomes for
patients treated with these two new aortic valve solutions
oceur.
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Methods
Literature search strategy

This meta-analysis was performed in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) recommendations and guidelines.
The search strategy queried the electronic databases
EMBASE, Ovid Medline, Scopus, the entire Cochrane
Central Register of Controlled Trails (CCRCT), Cochrane
Database of Systematic Reviews (CDSR) and the Database
of Abstracts of Reviews of Effects (DARE) from inception
to 03 October 2019. The search terms were “(sutureless
valve OR Perceval) AND (rapid deployment valve OR
Intuity OR Enable) AND (aortic valve surgery OR aortic
valve replacement)”. The references of previous systematic
reviews were assessed to ensure no additional publications
were missed.

Selection criteria

Eligibility for inclusion in this systematic review and
meta-analysis included comparative studies that assessed
the outcomes of adult patients undergoing aortic valve
replacement with rapid deployment and sutureless valve
prostheses for the treatment of aortic valve disease of any
etiology. In order to ensure sufficient center experience,
papers were only included if more than ten cases were
reported in each arm. Only English language papers were
analyzed. Studies with inadequate data regarding outcomes
and studies that only included patients treated with the now
removed 3F Enable prosthesis in the rapid deployment arm
were excluded. If centers reported outcomes of overlapping
patient series, the most contemporary series was analyzed.
Conference abstracts, case reports, editorials, reviews and
expert opinion pieces were excluded. Article identification
and inclusion were performed independently by two authors
(CDF and AC) and discussed until consensus was reached.

Data extraction

For the assessed papers, data was extracted from the
reviewed text, tables and figures. Data was extracted
independently by two authors (LH and BM), checked and
validated by a senior author (CDF) and any discrepancies
were reviewed and discussed until consensus was reached.
The recorded parameters included: number of cases in
the series, concomitant procedure undertaken, surgical
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approach, average age, average risk score, mortality, stroke,
paravalvular leak, mean gradient, cross-clamp and CPB
times, post-operative pacemaker implantation requirement,
intensive care unit (ICU) and hospital length of stay (LOS).
Complete datasets were used for primary analysis and two
studies (4,5) included propensity matched pairs. Propensity
matched data was also extracted and assessed in separate
analyses.

Statistical analysis

Meta-analysis of operative and post-operative variables
was performed. Incidence data was assessed using
Comprehensive Meta-analysis v3.3 (Biostat, Englewood,
NJ, USA). For continuous data with central tendency
described using median values, the mean and standard
deviation were estimated using calculations described
by Wan and colleagues (6). Comparative outcomes
were assessed using Review Manager v5.3 (Cochrane
Collaboration, Copenhagen, Denmark). Due to the varied
patient populations, a random effects model was chosen
for all analyses. Summary measures were expressed as
odds ratios and differences in mean as appropriate. Data
significance and heterogeneity were assessed using the
Cochrane Q statistic and the I” test statistic respectively,
with significance set at a P value <0.05 and significant
heterogeneity denoted by an I’ value >50%. Publication bias
was assessed through visual inspection of generated funnel
plots and Egger’s regression tests with Comprehensive
Meta-analysis. Sensitivity analysis was performed using a
“leave-one-out” analysis. Meta-regression was performed
using Comprehensive Meta-Analysis to explore sources
of heterogeneity, particularly the impact of study size and
enrolment date on outcomes. Primary outcomes of interest
were cross-clamp time, CPB time, pacemaker implantation
rate, paravalvular leak rate and transvalvular gradient.
Secondary outcomes included mortality, stroke, hospital

and ICU LOS.

Quality analysis

Study quality was assessed using the modified Canadian
National Institute of Health Economics (CNIHE)
assessment tool for case series (7) (Figure SI). Studies were
considered to be of high quality if they addressed at least 15
of the 19 criteria outlined in the CNIHE tool, of moderate
quality if 13—15 criteria were addressed and of low quality if
fewer than 13 criteria were addressed.
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Results

The search strategy revealed 407 citations for review after
duplications were removed. No additional citations were
identified on review of reference lists. After full review,
seven papers met the pre-determined inclusion criteria
(4,5,8-12) (Figure S2). The publications included a total
of 4,076 patients, where 2,426 patients received SURD
(Perceval valve) and 1,650 patients received RDV (Intuity
valve). In our analysis one study was deemed of high quality,
five of moderate quality and one of low quality (Tuble 1).
As the majority of studies were of moderate quality, no
subgroup analysis was performed. The pooled mean age of
patients receiving SURD was 77.1 years [95% confidence
interval (CI), 76.8-77.4] and the pooled mean age of
patients undergoing RDV was 74.3 years (95% CI: 73.1-
75.6). Overall patients receiving SURD were significantly
older than patients receiving RDV by 2.5 years (95%
CI: 1.1-4.0; P=0.001; I’=77%). The Society of Thoracic
Surgeons Predicted Risk of Mortality (STS-PROM) score
was reliably reported in four studies (4,5,9,10). The pooled
mean STS-PROM score was 3.13 (95% CI: 2.38-3.88) for
SURD and 2.60 (95% CI: 2.46-2.76) for RDV, with no
statistical difference between the two modalities (P=0.31;
=94%) (Table 2).

Overall, all-cause mortality was reported in 3,998
patients (2,351 SURD, 1,647 RDV) across all seven studies
(4,5,8-12). In the overall studied population, there were 95
deaths (2.4%) with 54 deaths (2.3%) in the SURD group
and 41 deaths (2.5%) in the RDV group. There was no
difference in overall mortality between SURD and RDV
(95% CI: 0.64-1.57; P=1.00; I’=0) (Figure S3). When
assessing propensity matched data, there was no difference
in overall mortality between SURD and RDV (P=0.90;
I’=0%).

Stroke rates were reported in 3,670 patients (2,122
SURD, 1,548 RDV) across six studies (4,5,8-10,12). There
were 88 strokes (2.5%) in the patient population with 48
(2.3%) occurring in SURD patients and 40 (2.6%) in the
RDV population. There was no difference in stroke rate
between SURD and RDV (P=0.89; I’=33%) (Figure S4).
When assessing propensity matched data there was no
difference in stroke rate between SURD and RDV (P=0.7;
I’=0%).

The presence of moderate or worse paravalvular
regurgitation was reported in 3,400 patients (1,982 SURD,
1,418 RDV) across all seven studies. Overall, 36 patients
(1.0%) had moderate or worse paravalvular regurgitation
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Perceval Intuity Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Chiariello 2019 0 26 0 26 Not estimable
Liakopoulos 2018 0 156 0 39 Not estimable
Gotzmann 2019 0 21 2 33 9.5% 0.29[0.01, 6.41]
D'Onofrio 2019 3 349 14 562 36.8% 0.34[0.10, 1.19] ——
Beretta 2019 5 450 2 253  26.0% 1.41[0.27, 7.32] I L —
Hartrumpf 2019 2 80 0 39 9.6% 2.52[0.12, 53.68]
Ensminger 2018 7 900 1 466 18.1% 3.65 [0.45, 29.71] I e —
Total (95% CI) 1982 1418 100.0% 0.90 [0.33, 2.47] ~l—
Total events 17 19
H . 2 _ . 2 _ — — 12 0, : : : :
Heterogeneity: Tau’ = 0.31; Chi* = 5.20, df = 4 (P = 0.27); I = 23% 001 o1 0 100

Test for overall effect: Z = 0.20 (P = 0.84)

Favours Perceval Favours Intuity

Figure 1 Forest plot of the incidence moderate or worse post-operative paravalvular regurgitation.

Odds Ratio

Odds Ratio
M-H, Random, 95% CI

Perceval Intuity

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI
Beretta 2019 56 562 31 406 29.7%
Chiariello 2019 2 26 1 26 1.9%
D'Onofrio 2019 16 349 35 562 21.3%
Ensminger 2018 93 900 30 466 31.8%
Gotzmann 2019 5 21 3 33 4.6%
Hartrumpf 2019 10 80 1 39 2.6%
Liakopoulos 2018 5 39 10 117 8.0%
Total (95% CI) 1977 1649 100.0%
Total events 187 111

Heterogeneity: Tau? = 0.05; Chi® = 8.02, df = 6 (P = 0.24); I> = 25%

Test for overall effect: Z = 1.86 (P = 0.06)

2.08[0.18, 24.51]

3.13 [0.66, 14.79] ]
5.43[0.67, 44.03] T

1.34 [0.85, 2.12] b

0.72[0.39, 1.33]
1.67 [1.09, 2.57]

HE—
-

1.57 [0.50, 4.92] —_—

1.39 [0.98, 1.97] &

0.01 0.1 10 100
Favours Perceval Favours Intuity

Figure 2 Forest plot of the rates of post-operative pacemaker implantation.

post-operatively and of these, 17 patients (0.1%) received
SURD and 19 patients (1.3%) received RDV. There was no
significant difference in the rate of moderate or worse post-
operative paravalvular leak between the two prosthesis types
(P=0.84; 1’=23%) (Figure 1). When assessing propensity
matched data, there was no significant difference in the
rate of moderate or worse post-operative paravalvular
leak between the two prosthesis types (P=0.4; I’=0%)
(Figure S5). Five studies reported the presence of mild
post-operative paravalvular regurgitation (5,8-10,12) in a
total of 2,331 patients (1,436 SURD, 895 RDV). Overall,
mild post-operative regurgitation was identified in 156
patients (6.7%), including 126 (8.8%) patients treated with
SURD and 30 (3.4%) patients treated with RDV. There
was a significant increase in the risk of mild paravalvular
regurgitation post-operatively associated with SURD (OR,
2.51; 95% CI: 1.35-4.68; P=0.004; ’=39%) (Figure S6).
When assessing data from propensity matched studies, there
was still a significantly increased risk of mild paravalvular
regurgitation associated with SURD (OR, 2.71; 95% CI:
1.11-6.58; P=0.03; ’=43%) (Figure S7).

© Annals of Cardiothoracic Surgery. All rights reserved.

Post-operative pacemaker implantation was reported
in 3,626 patients (1,977 SURD, 1,649 RDV) across all
seven studies. Overall, 298 patients (8.2%) required post-
operative pacemaker implantation, of these 187 patients
(9.5%) received SURD and 111 patients (6.7%) received
RDV. There was a trend towards an increased risk of
pacemaker implantation associated with SURD, although
this did not reach statistical significance (OR, 1.36; 95% CI:
0.98-1.97; P=0.06; '=25%) (Figure 2). When including only
propensity matched data, the increased risk of pacemaker
implantation associated with SURD reached significance
(OR, 1.48; 95% CI: 1.05-2.09; P=0.02; P=0%) (Figure S§).

Mean post-operative transvalvular gradient was reported
in 4,076 patients (2,426 SURD, 1,650 RDV) across all
seven studies. The transvalvular pooled mean gradient
was 13.9 mmHg (95% CI: 12.4-14.3) across SURD and
10.8 mmHg (95% CI: 10.2-11.4) across RDV. There was
a significantly increased gradient across SURD compared
to RDV of 2.5mmHg (95% CI: 1.2-3.8; P<0.001; ’=90%)
(Figure 3). When assessing available propensity matched
data, there was still a significantly increased gradient across
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Perceval Intuity Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Beretta 2019 14.3 5.9 1011 11.5 4.9 407 18.3% 2.80 [2.20, 3.40] -
Chiariello 2019 11.6 3.7 26 11.8 3.7 26 13.0% -0.20[-2.21, 1.81] -
D'Onofrio 2019 12.67 5.2 349 10.74 4.27 562 18.2% 1.93[1.28, 2.58] -
Ensminger 2018 14.6 7 900 9.8 4.7 466 18.2% 4.80[4.17, 5.43] -
Gotzmann 2019 15.48 7.51 21 10.79 4.78 33 7.6% 4.69 [1.09, 8.29]
Hartrumpf 2019 148 7.5 80 123 7.5 39 9.8% 2.50[-0.37,5.37] T
Liakopoulos 2018 11 4 39 10 5 117 14.9% 1.00 [-0.55, 2.55] T
Total (95% CI) 2426 1650 100.0% 2.46 [1.18, 3.75] <o
Heterogeneity: Tau? = 2.25; Chi? = 59.75, df = 6 (P < 0.00001); I> = 90% —io _=5 S 5 150

Test for overall effect: Z = 3.76 (P = 0.0002)

Favours Perceval Favours Intuity

Figure 3 Forest plot comparing pooled mean post-operative transvalvular gradients (mmHg).

Perceval Intuity Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Beretta 2019 51.2 20.4 1011 59 22.6 407 18.0% -7.80[-10.33, -5.27] -
Chiariello 2019 50.1 10.6 26 60.9 15.5 26 13.5% -10.80[-18.02, -3.58] —_—
D'Onofrio 2019 52 23 349 75 32 562 17.2% -23.00[-26.58, -19.42] -
Ensminger 2018 46 19.31 900 58.3 21.57 466 18.1% -12.30[-14.63,-9.97] -
Gotzmann 2019 73.4 30.1 21 779 226 33 7.0%  -4.50[-19.51, 10.51] e m—
Hartrumpf 2019 65.5 23.8 80 73.4 21 39 12.3% -7.90 [-16.30, 0.50] —
Liakopoulos 2018 46.3 17.4 39 53.4 239 117 13.8% -7.10 [-14.07, -0.13] ]
Total (95% CI) 2426 1650 100.0% -11.33 [-16.32, -6.33] <o

P 2 _ . 2 _ _ 12 o, i I L !
Heterogeneity: Tau? = 34.32; Chi®* = 50.76, df = 6 (P < 0.00001); I> = 88% s 55 ) 25 50

Test for overall effect: Z = 4.45 (P < 0.00001)

Favours Perceval Favours Intuity

Figure 4 Forest plot comparing pooled mean cross-clamp times (minutes).

SURD compared to RDV of 2.3 mmHg (95% CI: 1.1-3.5;
P<0.001; I’=77%) (Figure S9). No single study was identified
as a source of the high degree of heterogeneity on sensitivity
analysis. There was no evidence of publication bias on
visual inspection via funnel plots or on Egger’s regression
modelling (P=0.65). There was insufficient reported data
to determine the proportion of patients with post-operative
patient-prosthesis mismatch (PPM) or excessively high post-
operative gradients with each valve type.

Cross-clamp time was reported in 4,076 patients (2,426
SURD, 1,650 RDV) across all seven studies. The pooled
mean cross-clamp time for SURD was 50.8 minutes (95%
CI: 50.0-51.6) and the pooled mean cross-clamp time
for RDV was 63.6 minutes (95% CI: 62.4-64.9). SURD
valves had a significantly shorter mean cross-clamp time of
11.3 minutes (95% CI: 6.3-16.3; P<0.001; I’=88%) when
compared to RDV (Figure 4). When interrogating data
from propensity matching where available, there was still
a significant reduction in mean cross-clamp times of 9.4
minutes (95% CI: 5.27-13.5; P<0.001; I’=64%) with SURD
valves compared to RDV (Figure S10). Meta-regression
demonstrated that neither study size nor median year of
enrolment were significant contributors to the variance of
mean cross-clamp times. Sensitivity analysis did not reveal

© Annals of Cardiothoracic Surgery. All rights reserved.

any significant reason for heterogeneity. There was no
evidence of publication bias on visual inspection of funnel
plot or on Egger’s regression modelling (P=0.48).

Five studies (4,8,9,11,12) reported outcomes for 2,182
isolated AVR patients (1,296 SURD, 866 RDV). The pooled
mean cross-clamp time was 46.4 minutes (95% CI: 40.6—
52.2) for patients undergoing isolated AVR with SURD and
58.1 minutes (95% CI: 47.4-68.7) for patients undergoing
isolated AVR with RDV. There was a significantly
shorter cross-clamp time with the use of SURD by 11.7
minutes (95% CI: 2.8-20.6; P=0.01; =95%) (Figure SI1).
There was no evidence of publication bias (Egger’s
regression P=0.74).

CPB times were reported in 4,076 patients (SURD
=2,426, RDV =1,650) across all studies. The pooled mean
CPB time was 80.4 minutes (95% CI: 74.0-86.8) for SURD
patients and 93.4 minutes (95% CI: 91.8-95.1) for RDV
patients. There was a significantly shorter CPB time for
patients treated with SURD compared with RDV by 16.2
minutes (95% CI: 9.5-22.9; P<0.001; I’=87%) (Figure 5).
When assessing data from propensity matched studies
where available, there was a significantly shorter CPB
time for patients treated with SURD compared with RDV
by 12.5 minutes (95% CI: 7.6-17.4; P<0.001; ’=52%)
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Perceval Intuity Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Beretta 2019 51.2 20.4 1011 59 22.6 407 18.0% -7.80[-10.33, -5.27] -
Chiariello 2019 50.1 10.6 26 60.9 15.5 26 13.5% -10.80[-18.02, -3.58] —_—
D'Onofrio 2019 52 23 349 75 32 562 17.2% -23.00[-26.58, -19.42] -
Ensminger 2018 46 19.31 900 58.3 21.57 466 18.1% -12.30[-14.63, -9.97] -
Gotzmann 2019 73.4 30.1 21 779 226 33 7.0%  -4.50[-19.51, 10.51] e
Hartrumpf 2019 65.5 23.8 80 73.4 21 39 12.3% -7.90 [-16.30, 0.50]
Liakopoulos 2018 46.3 17.4 39 53.4 239 117 13.8% -7.10 [-14.07, -0.13] ]
Total (95% CI) 2426 1650 100.0% -11.33 [-16.32, -6.33] L 2
P 2 _ CChi2 = _ -2 — 889 b t + J
Heterogeneity: Tau? = 34.32; Chi®* = 50.76, df = 6 (P < 0.00001); I> = 88% T 35 ) 25 50

Test for overall effect: Z = 4.45 (P < 0.00001)

Favours Perceval Favours Intuity

Figure 5 Forest plot comparing pooled mean cardiopulmonary bypass times (minutes).

(Figure S12). There was no evidence of publication bias
(Egger’s regression P=0.76). The pooled mean CPB time
for isolated AVR with SURD was 71.0 minutes (95% CI:
60.4-81.6). The pooled mean CPB time for isolated AVR
with RDV was 87.0 minutes (95% CI: 85.0-88.9). There
was a significantly shorter duration for CPB of 15.7 minutes
(95% CI: 4.2-27.1; P=0.007; ’=94%) for patients receiving
SURD (Figure S13). There was no evidence of publication
bias. Sensitivity analysis revealed that a significant
amount of variance of CPB time was due to the study by
D’Onofrio and colleagues (4) and it is unclear why this
study population produced such different results from the
remainder of the study populations. If this study is excluded,
CPB times remain shorter for patients receiving SURD by
8.8 minutes (95% CI: 6.0-11.7; P<0.001; [’=23%).

ICU LOS was reported in 3,165 patients (2,077 SURD,
1,088 RDV) across six studies (5,8-12). There was a trend
towards a shorter ICU LOS with SURD, although this
did not reach statistical significance (95% CI: 2.26-0.01;
P=0.05; I’=84%) (Figure S14). Significant heterogeneity
was introduced in the study by Liakopoulos et al. (12).
The mean ICU and hospital LOS was calculated from the
reported median and interquartile range and it is likely that
the mean LOS is skewed by several disproportionally long
ICU LOS. Exclusion of this study confirms no significant
difference in ICU LOS (P=0.1; I’'=23%).

Hospital LOS was reported in 3,165 patients (2,077
SURD, 1,088 RDV) across six studies (5,8-12). There was
no significant difference in the in the hospital LOS for
patients receiving the two valve types (P=0.33; I’=96%)
(Figure S15).

The primary outcomes are summarised in 7able 3.

Discussion

This meta-analysis assessed the procedural and early

© Annals of Cardiothoracic Surgery. All rights reserved.

clinical outcomes of patients undergoing aortic valve
replacement with either SURD or RDV. A major perceived
benefit of RDV and SURD over conventional aortic valve
replacement is the speed of valve siting, which reduces
cross-clamp and CPB times and may be of particular
relevance for patients requiring concomitant procedures. It
has been demonstrated that longer CPB and cross-clamp
times are associated with increased mortality and early
morbidity (13-15). In terms of reducing procedure time,
there was a clinically significant reduction in cross-clamp
and CPB times associated with the use of SURD. There
was significant heterogeneity in the analysis of both CPB
(I’=94%) and cross-clamp times (I’=88%). Leave-one-out
sensitivity analysis determined that the study by D’Onofrio
et al. contributed a significant amount of heterogeneity
into the difference for CPB times. However, it is unclear
why the population in this group was different from the
rest of the study population. Post-hoc subgroup analysis
of patients undergoing isolated aortic valve replacement
was undertaken to limit the heterogeneity introduced
by patients undergoing a wide variety of concomitant
procedures. The CPB and cross-clamp times for SURD
remained significantly shorter than RDV, although there
remained significant heterogeneity between groups. There
was no obvious source for the heterogeneity. The difference
in cross-clamp and CPB times demonstrated in this study
did not result in a difference in mortality. When including
the propensity matched data from two studies (4,5) into
pooled analysis, there was a reduction in the degree of
observed heterogeneity for CPB and cross-clamp times,
with a significant reduction in procedural times in favor of
SURD. This suggests that the observed heterogeneity is
likely due to differences in patient population backgrounds
between the two groups.

Despite the increase in TAVR in recent years, surgical
aortic valve replacement will continue to have an ongoing

Ann Cardiothorac Surg 2020;9(5):364-374 | http://dx.doi.org/10.21037/acs-2020-surd-27



Annals of cardiothoracic surgery, Vol 9, No 5 September 2020

Table 3 Summary table of primary outcomes

371

Anticipated absolute effects

Outcomes No. of participants Certainty of the Relative effect - - -

(studies), follow up evidence (GRADE)  (95% CI) Risk with RDV Risk difference with

outcomes for SURD

Overall mortality 2,836 (7 observational &@® OO low OR 0.91 23 per 1,000 2 fewer per 1,000

studies) (0.51 to 1.63) (11 fewer to 14 more)
Stroke 3,670 (6 observational @&® OO low OR 1.04 26 per 1,000 1 more per 1,000

studies) (0.55 to 1.98) (11 fewer to 24 more)
Paravalvular leak: 2,331 (5 observational @ OOQ very low’ OR 2.51 34 per 1,000 47 more per 1,000
mild studies) (1.35 to 4.68) (11 more to 106 more)
Paravalvular leak: 3,400 (7 observational & OOCQ very low” OR0.90 13 per 1,000 1 fewer per 1,000
moderate + studies) (0.33 t0 2.47) (9 fewer to 19 more)
Pacemaker 3,626 (7 observational @& OOQO very low” OR1.39 67 per 1,000 24 more per 1,000
implantation studies) (0.98 to 1.97) (1 fewer to 57 more)
Mean post-op 4,076 (7 observational @&® OO low - The mean mean post-op  MD 2.46 mmHg higher
gradient studies) gradient was 10.8 mmHg (1.18 higher to 3.75 higher)
Cross-clamp 4,076 (7 observational  &® OO low’ - The mean cross-clamp MD 11.33 minutes lower
time studies) time was 63.6 minutes (16.32 lower to 6.33 lower)
CPB time 4,076 (7 observational @& OO low’ - The mean CPB time was MD 16.18 minutes lower

studies)

93.4 minutes

(22.88 lower to 9.48 lower)

The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the
intervention (and its 95% Cl). GRADE Working Group grades of evidence—high certainty: we are very confident that the true effect lies
close to that of the estimate of the effect; moderate certainty: we are moderately confident in the effect estimate: the true effect is likely
to be close to the estimate of the effect, but there is a possibility that it is substantially different; low certainty: our confidence in the effect
estimate is limited: the true effect may be substantially different from the estimate of the effect; very low certainty: we have very little
confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect. ° surgical experience with
these new prostheses is known to affect decisions in sizing. This has a direct impact on post-operative trans-valvular mean gradients.
There is limited data available to assess learning curve effects and surgical experience; b, known significant learning curve that has a
direct impact on pacemaker implantation rates. Limited data present on individual surgeon experience; ‘ learning curve may affect
operative duration times. Limited data on operator experience. SURD, sutureless rapid deployment valve; RDV, rapid deployment valve;
Cl, confidence interval; OR, odds ratio; MD, mean difference; CPB, cardiopulmonary bypass.

role, particularly in low-risk patients and those requiring
complicated procedures. As part of a drive to improve short-
term outcomes associated with surgical procedures, there
has been an increasing number of patients undergoing
aortic valve replacement via minimally invasive approaches;
the most common access incisions are a partial upper
hemisternotomy and a right anterior thoracotomy. These
approaches have demonstrated benefits of reduced incidence
of post-operative atrial fibrillation, shorter hospital and ICU
LOS and a reduced blood transfusion requirement compared
with conventional full sternotomy, with no significant
difference in mortality or perioperative stroke (16-18).
Despite these benefits, minimally invasive approaches have
longer cross-clamp and CPB times and are technically

© Annals of Cardiothoracic Surgery. All rights reserved.

more demanding. The development of durable rapid
deployment and sutureless aortic valves that simplify aortic
valve replacement may make minimally invasive approaches
more appealing to a wider group of surgeons and potentially
improve the short-term outcomes of surgery without putting
patients at risk of prolonged CPB and cross-clamp times,
particularly during the learning curve phase.

The rate of paravalvular regurgitation is an important
area of comment. We demonstrated that 1.0% of all
patients studied developed moderate or worse paravalvular
regurgitation with no significant difference between the
two valve designs. Mild paravalvular regurgitation was
demonstrated in 6.7% of all studied patients, and was
significantly increased with SURD compared to RDV.
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Paravalvular regurgitation is a fairly common occurrence
even after conventional aortic valve replacement, occurring
in 2-6% of patients (19,20). Experience with conventional
valve replacement suggest that mild paravalvular
regurgitation may be associated with hemolysis but has
no detrimental effect on cardiac performance or mortality
outcomes (19,21). However, more contemporary experience
in the context of transcatheter valve implantation raises
concerns that even mild paravalvular regurgitation may be
detrimental to patient survival (22).

We demonstrated that the mean gradient across SURD
was 2.46 mmHg higher than the mean gradient across
RDV. Excellent transvalvular gradients across RDV have
previously been recognized and is proposedly attributed to
the subannular balloon expanded skirt, which enlarges the
left ventricular outflow tract, promoting increased laminar
blood flow through the valve annulus (23,24). Whether
this 2.5 mmHg represents a clinically significant difference
is uncertain. Unfortunately, we were unable to compare
rates of PPM due to differences in data reporting between
studies. Sizing SURD has been an important area of interest
in recent times as correct sizing is critical. Oversizing
SURD has been an issue due to an understandable concern
of surgeons looking to avoid para-valvular regurgitation.
However, oversizing leads to incomplete expansion of the
stent frame, preventing complete leaflet opening, thus
reducing the effective orifice area leading to increased
gradients. A grossly oversized valve will also result in
stent frame infolding (25). The issue with sizing led to
an industry sponsored alert in 2011 to increase surgeon
awareness of the possible implications of oversizing the
Perceval S valve (26). The importance of PPM is perhaps
a slightly controversial topic. Some authors suggested
an increased mid-term mortality and worsened long-
term cardiological outcomes (such as left ventricular mass
regression and presentations with heart failure) (27-29) with
PPM, while others demonstrated no clinical difference in
terms of outcome following aortic valve replacement (30,31).
Despite this uncertainty, it is reasonable to aim to achieve
the lowest possible post-operative transvalvular gradient.

There was no significant difference in permanent
pacemaker implantation (PPI) rates between the two valve
types. However, the overall PPI rates of 8.22% were high
compared to the expected rates following surgical aortic
valve replacement, which is 1.9-2.7% (32-35). Pacemaker
implantation rate is an important performance indicator.
Patients who require PPI after aortic valve replacement have
reduced risk-adjusted long-term survival compared those who

© Annals of Cardiothoracic Surgery. All rights reserved.
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do not require pacemaker implantation (35,36). Implantation
technique has been shown to be an important factor that
can impact pacemaker implantation rates, particularly
with regards to the Perceval valve. Meticulous attention
to annular debridement, valve sizing and implantation
depth with regards to the LVOT reduces post-operative
PPI requirement (37). There is also a clear learning curve
with implanting the new devices, with PPI rates declining
as experience with devices grows (8,37). Reducing the
morbidity through ensuring meticulous surgical technique
will be essential to maintain excellent surgical outcomes in an
increasingly low-risk surgical population, as the majority of
high-risk patients receive TAVR.

Limitations

There are several limitations identified in this study.
There was significant heterogeneity in several important
parameters and the cause of this heterogeneity was often not
identified and controlled for. It is likely that heterogeneity
arose from the different patient populations and center
experiences, as the degree of heterogeneity reduced when
only propensity matched data was included from the
studies by D’Onofrio et 4l. and Ensminger er al. The use
of different risk scores made it impossible to compare and
adjust for the pre-operative risk of patients between studies.
Furthermore, there was insufficient data to determine
the effect that the learning curve has on outcomes. The
learning curve is a particularly important consideration for
outcomes such as paravalvular regurgitation, post-operative
transvalvular gradient and pacemaker implantation rates.
Overall, the quality of data was deemed to be moderate
and all studies were retrospective analyses, although several
studies used prospectively collected databases. All included
studies were comparative, although none were randomized.
There is also limited long-term data given the recent
development of the two valves and in time, analysis of long-
term data will be necessary for assessing ongoing outcomes
with this technology.

Conclusions

This meta-analysis comparing SURD and RDV
demonstrated no difference in mortality or stroke rates.
There was a significant reduction in cross-clamp and CPB
times associated with SURD. This may be of benefit for
patients requiring multiple concomitant procedures and
increase the utility of minimally invasive valve replacement.
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However, SURD was associated with higher post-
operative transvalvular gradients and a higher incidence of
paravalvular regurgitation.
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Supplementary

Domain Description

1 Was the hypothesis/aim/objective of the study clearly stated (e.g., PICO)?

2 Was the study conducted prospectively (stated as such)?

3 Were the cases collected in more than one centre?

4 Were patients recruited consecutively?

5 Were the characteristics of the patients included in the study described?

6 Were the eligibility criteria (i.e., inclusion and exclusion criteria) for entry into the study clearly stated?
7 Did patients enter the study at a similar point in the disease?

8 Was the intervention of interest clearly described?

9 Were additional interventions (co-interventions) clearly described?

10 Were relevant outcome measures established a priori?

11 Were the relevant outcomes measured using appropriate objective/subjective methods?

12 Were the relevant outcome measures made before and after the intervention?

13 Were the statistical tests used to assess the relevant outcomes appropriate?

14 Was follow-up long enough for important events and outcomes to occur?

15 Were |osses to follow-up reported?

16 Did the study provided estimates of random variability in the data analysis of relevant outcomes?
17 Were the adverse events reported?

18 Were the conclusions of the study supported by results?

19 Were conflicts of interest reported?

Figure S1 Modified Canadian Institute of Health Economics quality appraisal checklist.

407 unique citations identified 0 additional records identified
after duplicates removed reference list review
Y Y
407 citations underwent title 354 citations excluded screening

Y

and abstract screening

Y

583 full-text articles assessed Reason for exclusion and number:
for eligibility

Y

Duplicate patient population =1 citation
Editorial/opinion/conference abstract =10 citations
Insufficient data for extraction =10 citations

Non-comparative study =14 citations
Irrelevant to study question =10 citations
Non-english language =1 citation

Y

7 studies included for
quantitative synthesis

Figure S2 PRISMA diagram of study identification. PRISMA, the Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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Figure S3 Forest plot of overall mortality.
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Figure S4 Forest plot of overall stroke rate.
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Figure S5 Forest plot of rate of post-operative moderate or worse paravalvular regurgitation using propensity matched pairs where available.



Perceval Intuity Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Beretta 2019 31 450 12 253 37.1% 1.49[0.75, 2.95] T
Chiariello 2019 0 26 0 26 Not estimable
Ensminger 2018 89 900 13 466 41.8% 3.82[2.11, 6.92] —i—
Gotzmann 2019 3 21 3 33 11.2% 1.67 [0.30, 9.16] e —
Liakopoulos 2018 3 39 2 117 9.9% 4.79[0.77, 29.81] N
Total (95% CI) 1436 895 100.0% 2.51 [1.35, 4.68] <
Total events 126 30

. 2 _ . 2 _ _ _ 12 = 9 I t t d
Heterogeneity: Tau® = 0.15; Chi* = 4.93, df = 3 (P = 0.18); I° = 39% 001 o1 10 100
Test for overall effect: Z = 2.89 (P = 0.004) Favours Perceval Favours Intuity

Figure S6 Forest plot of the incidence of mild post-operative paravalvular regurgitation.
Perceval Intuity Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Beretta 2019 31 450 12 253 43.0% 1.49 [0.75, 2.95] S m—
Chiariello 2019 0 26 0 26 Not estimable
Ensminger 2018 15 102 2 102 21.8% 8.62 [1.92, 38.76] L —
Gotzmann 2019 3 21 3 33 18.5% 1.67 [0.30, 9.16] e —
Liakopoulos 2018 3 39 2 117 16.8% 4.79[0.77, 29.81] o . —
Total (95% CI) 638 531 100.0% 2.71[1.11, 6.58] >
Total events 52 19

e 2 _ . 2 _ _ _ 12 ! t + J
Heterogeneity: Tau® = 0.36; Chi* = 5.30, df = 3 (P = 0.15); I = 43% 001 o 0 100

Test for overall effect: Z = 2.20 (P = 0.03)

Figure S7 Forest plot of the incidence of mild post-operative paravalvular regurgitation using propensity matched pairs where available.

Favours Perceval

Favours Intuity

Perceval Intuity Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Beretta 2019 56 562 31 406 56.4% 1.34[0.85, 2.12] -l
Chiariello 2019 2 26 1 26 2.0% 2.08 [0.18, 24.51]
D'Onofrio 2019 7 117 8 117 10.8% 0.87[0.30, 2.47] [ m—
Ensminger 2018 14 102 8 102 14.1% 1.87[0.75, 4.67] T
Gotzmann 2019 5 21 3 33 4.9% 3.13 [0.66, 14.79] I
Hartrumpf 2019 10 80 1 39 2.7% 5.43[0.67, 44.03] I
Liakopoulos 2018 5 39 10 117 9.1% 1.57 [0.50, 4.92] I
Total (95% ClI) 947 840 100.0% 1.48 [1.05, 2.09] L 2
Total events 99 62
Heterogeneity: Tau? = 0.00; Chi? = 3.90, df = 6 (P = 0.69); I> = 0% 50 01 051 150 100’

Test for overall effect: Z = 2.25 (P = 0.02)

Favours Perceval

Favours Intuity

Figure S8 Forest plot of the rate of post-operative pacemaker implantation using propensity matched data where available.

Perceval

Study or Subgroup

Intuity

Mean [mmHg] SD [mmHg] Total Mean [mmHg] SD [mmHg] Total

Mean Difference

Weight IV, Random, 95% CI

Mean Difference
1V, Random, 95% CI

Beretta 2019 14.3
Chiariello 2019 11.6
D'Onofrio 2019 11.84
Ensminger 2018 14.7
Gotzmann 2019 15.48
Hartrumpf 2019 14.8
Liakopoulos 2018 11

Total (95% CI)

5.9 1011
3.7 26

4.7 117 1
5.7 102

7.51 21 1
7.5 80
4 39
1396

11.5 4.9 407 20.3% 2.80 [2.20, 3.40]
11.8 3.7 26 13.1% -0.20([-2.21, 1.81]
0.47 3.87 117 18.0% 1.37[0.27, 2.47]
10 43 102 16.5% 4.70 [3.31, 6.09]
0.79 4.78 33 7.1% 4.69 [1.09, 8.29]
12.3 7.5 39 9.4%  2.50([-0.37,5.37]
10 5 117 15.6% 1.00[-0.55, 2.55]
841 100.0% 2.29 [1.11, 3.46]

Heterogeneity: Tau? = 1.68; Chi? = 26.62, df = 6 (P = 0.0002); I> = 77%

Test for overall effect: Z = 3.81 (P = 0.0001)
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Favours Perceval Favours Intuity

Figure S9 Forest plot of mean post-operative transvalvular gradient using propensity matched data where available.
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Perceval Intuity Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Beretta 2019 51.2 20.4 1011 59 22.6 407 23.0% -7.80[-10.33, -5.27] -
Chiariello 2019 50.1 10.6 26 60.9 15.5 26 14.2% -10.80[-18.02, -3.58] —
D'Onofrio 2019 60 21 117 83 37 117 13.4% -23.00[-30.71, -15.29] —
Ensminger 2018 49 21.1 102 53.3 21.1 102 16.8% -4.30[-10.09, 1.49] —
Gotzmann 2019 73.4 30.1 21 779 22.6 33 5.8%  -4.50[-19.51, 10.51] e e
Hartrumpf 2019 65.5 23.8 80 73.4 21 39 12.3% -7.90 [-16.30, 0.50] —
Liakopoulos 2018 46.3 17.4 39 53.4 239 117 14.6% -7.10 [-14.07, -0.13] —
Total (95% CI) 1396 841 100.0% -9.39[-13.50, -5.27] <>

H . 2 _ . 2 _ — — 12 } + + {
Heterogeneity: Tau’ = 17.54; Chi* = 16.74, df = 6 (P = 0.01); I = 64% o s ) 5 50

Test for overall effect: Z = 4.47 (P < 0.00001)

Favours Perceval Favours Intuity

Figure S10 Forest plot comparing mean cross-clamp time using propensity matched data where available.

Perceval Intuity Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Beretta 2019 51.2 20.4 1011 59 22.6 407 21.4% -7.80[-10.33, -5.27] -
Chiariello 2019 50.1 10.6 26 60.9 15.5 26 19.1% -10.80[-18.02, -3.58] —
D'Onofrio 2019 42 18 174 67 27 375 20.9% -25.00[-28.82,-21.18] -
Hartrumpf 2019 50.9 21.6 60 64.9 15.7 19 17.9% -14.00[-22.93,-5.07] —_—
Liakopoulos 2018 38 8 25 39 12 59 20.7% -1.00 [-5.38, 3.38] ——
Total (95% CI) 1296 886 100.0% -11.68 [-20.58, -2.77] -

Heterogeneity: Tau? = 94.69; Chi? = 78.06, df = 4 (P < 0.00001); I = 95%

=25 0 25 50

-50
Test for overall effect: Z = 2.57 (P = 0.01) Favours Perceval Favours Intuity
Figure S11 Forest plot comparing cross-clamp times for isolated aortic valve replacement.
Perceval Intuity Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Beretta 2019 81.2 28.9 1011 89.4 30.1 407 26.9% -8.20 [-11.62, -4.78] -
Chiariello 2019 71.4 12.2 26 84.5 20.6 26 14.8% -13.10[-22.30, -3.90] ———
D'Onofrio 2019 90 32 117 112 48 117 12.8% -22.00[-32.45,-11.55] e —
Ensminger 2018 76.3 29.3 102 82.7 29.3 102 16.9% -6.40 [-14.44, 1.64] T
Gotzmann 2019 94.3 38 21 98.8 26.8 33 5.6% -4.50 [-23.15, 14.15] — T
Hartrumpf 2019 90.3 36 80 113 29.5 39 10.6% -22.70 [-34.86, -10.54] e a—
Liakopoulos 2018 70.8 25.1 39 85.3 41.2 117 12.3% -14.50[-25.35, -3.65] e —
Total (95% CI) 1396 841 100.0% -12.50[-17.39,-7.61] <

H . 2 _ . i2 = - = .12 = : : : :
Heterogeneity: Tau’ = 20.10; Chi 12.46, df = 6 (P = 0.05); | 52% 50 35 0 25 50

Test for overall effect: Z = 5.01 (P < 0.00001)

Favours Perceval Favours Intuity

Figure S12 Forest plot comparing mean CPB time using propensity matched data where available. CPB, cardiopulmonary bypass.

Perceval Intuity Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
Beretta 2019 81.2 28.9 1011 89.4 30.1 407 21.9% -8.20 [-11.62, -4.78] =
Chiariello 2019 71.4 12.2 26 84.5 20.6 26 19.5% -13.10[-22.30, -3.90] —
D'Onofrio 2019 61 27 174 94 36 375 21.3% -33.00[-38.42,-27.58] —
Hartrumpf 2019 83.3 35.8 60 100.3 24 19 16.7% -17.00[-31.09, -2.91] e E—
Liakopoulos 2018 59 13 25 66 19 59 20.6% -7.00 [-14.03, 0.03] —
Total (95% ClI) 1296 886 100.0% -15.65[-27.13,-4.18] ‘
Heterogeneity: Tau? = 153.46; Chi® = 62.25, df = 4 (P < 0.00001); 1> = 94% :—50 —2:5 5 2f5 50’

Test for overall effect: Z = 2.67 (P = 0.007)

Favours Perceval Favours Intuity

Figure S13 Forest plot comparing CPB times for isolated aortic valve replacement. CPB, cardiopulmonary bypass.



Perceval Intuity Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Beretta 2019 1.3 0.74 1011 1.83 1.11 407 25.8% -0.53[-0.65,-0.41] u

Chiariello 2019 1.5 1.6 26 43 7.6 26 9.0% -2.80[-5.79,0.19] I

Ensminger 2018 4 7 900 4 6 466 23.4% 0.00 [-0.71, 0.71] -

Gotzmann 2019 3.5 4 21 3 25 33 14.6% 0.50 [-1.41, 2.41] I

Hartrumpf 2019 3.2 6.1 80 3.2 57 39 12.6% 0.00 [-2.23, 2.23] —
Liakopoulos 2018 6 4.2 39 11.5 7.8 117 14.5% -5.50[-7.43,-3.57] —

Total (95% CI) 2077 1088 100.0% -1.11 [-2.22, -0.00] ‘

Heterogeneity: Tau? = 1.23; Chi? = 31.09, df = 5 (P < 0.00001); I> = 84% t t

-0 -5 0 5 10

Test for overall effect: Z = 1.97 (P = 0.05) Favours Perceval Favours Intuity

Figure S14 Forest plot comparing pooled mean intensive care unit length of stay (days).

Perceval Intuity Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Beretta 2019 9.4 6.5 1011 6.8 4.9 407 18.4% 2.60[1.98, 3.22] -
Chiariello 2019 8 3.8 26 8.8 10.5 26 14.1% -0.80 [-5.09, 3.49] I
Ensminger 2018 13 8 900 13 10 466 18.2% 0.00 [-1.05, 1.05] *
Gotzmann 2019 14.8 5.6 21 145 6.7 33 15.6% 0.30 [-3.01, 3.61] e
Hartrumpf 2019 159 7 80 18.8 6.9 39 16.5% -2.90[-5.55, -0.25] —
Liakopoulos 2018 10.5 3.7 39 19.5 9.4 117 17.3% -9.00[-11.06, -6.94] -
Total (95% ClI) 2077 1088 100.0% -1.62 [-4.90, 1.66] q

Heterogeneity: Tau? = 15.10; Chi® = 128.42, df = 5 (P < 0.00001); I* = 96% t

-20 -10 0 10 20
Test for overall effect: Z = 0.97 (P = 0.33) Favours Perceval Favours Intuity

Figure S15 Forest plot comparing pooled mean hospital length of stay times (days).



