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Abstract Background The advent of transcatheter aortic valve replacement (AVR) has led to an
increased emphasis on reducing the invasiveness of surgical procedures. The aim of this
study was to evaluate clinical outcomes and hemodynamic performance achieved with
minimally invasive aortic valve replacement (MI-AVR) as compared with conventional
AVR.
Methods Patients who underwent surgical AVR with the Avalus bioprosthesis, as part
of a prospective multicenter non-randomized trial, were included in this analysis.
Surgical approach was left to the discretion of the surgeons. Patient characteristics and
clinical outcomes were compared between MI-AVR and conventional AVR groups in the
entire cohort (n¼1077) and in an isolated AVR subcohort (n¼528). Propensity score
adjustment was performed to estimate the effect of MI-AVR on adverse events.
Results Patients treated with MI-AVR were younger, had lower STS scores, and
underwent concomitant procedures less often. Valve size implanted was comparable
between the groups. MI-AVR was associated with longer procedural times in the
isolated AVR subcohort. Postprocedural hemodynamic performance was comparable.
There were no significant differences between MI-AVR and conventional AVR in early
and 3-year all-cause mortality, thromboembolism, reintervention, or a composite of
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Introduction

Surgical aortic valve replacement (AVR) remains the gold
standard in young, low-risk patients, while the long-term
durability of transcatheter aortic valve replacement (TAVR)
has yet to be established in this population.1 However, the
advent of TAVR has led to an increased emphasis on reducing
the invasiveness of surgical procedures.

While minimally invasive aortic valve replacement (MI-
AVR) has been around for more than two decades,2,3 only a
minority of isolated AVR patients are treated in this manner.4

Theperceived limitationofMI-AVR is that it is technicallymore
challenging and hence may lead to inferior outcomes com-
pared with a full sternotomy, which provides more space to
operate and resolve procedural complications. Moreover, it is
important to provide insights into the feasibility, safety, and
performance of newbioprostheses in the setting ofMI-AVR, as
the design of the prosthesis may impact the ease of implanta-
tion. To compare the risks and benefits of MI-AVR versus
conventional AVR in contemporary practice with the Avalus
bioprosthesis, we stratified the safety and hemodynamic
performance results from the PERIcardial SurGical AOrtic
Valve ReplacemeNt (PERIGON) Pivotal Trial accordingly.

Patients and Methods

Study Design
The PERIGON Pivotal Trial (www.clinicaltrials.gov,
NCT02088554) is a prospective, single-arm studyof theAvalus
bioprosthesis (Medtronic, Minneapolis, Minnesota, United
States), a stented bovine pericardial aortic valve. The trial is
being conducted at 36 sites in Europe, Canada, and the United
States. The study design was previously described in detail.5,6

Patients withmoderate or severe symptomatic aortic stenosis
or chronic severe regurgitation and a clinical indication for
surgical AVR, with or without a concomitant procedure, were
enrolled. The concomitant procedures were limited to coro-
nary artery bypass grafting, left atrial appendage ligation,
patent foramen ovale closure, ascending aortic aneurysm or
dissection repair not requiring circulatory arrest, and sub-
aortic membrane resection not requiring myectomy.

The study was designed and conducted in accordance
with the Declaration of Helsinki and good clinical practice.
Institutional review board or ethics committee approval was
obtained at each site, and all patients provided written
informed consent. An independent clinical events committee
adjudicated all deaths and valve-related adverse events. The
original study protocol did not include adjudication of deep

sternal/thoracic wound infections by this committee. There-
fore, potential infections were screened from adverse event
data and subsequently adjudicated by two of the authors
(BJJV, MDV) using the definition of The Centers for Disease
Control and Prevention.7 An independent data and safety
monitoring board provided study oversight. An independent
core laboratory (MedStar, Washington, DC) evaluated
echocardiograms.

In the current study, patients were compared according to
the surgical approach performed, specifically MI-AVR (i.e.,
hemisternotomy or right thoracotomy) versus conventional
AVR (full sternotomy). In previous manuscripts concerning
the PERIGON Pivotal Trial, an extra category of “other”
surgical approach was reported. For this analysis, the
patients with “other” surgical approach were recategorized
to either median or hemisternotomy based on approach
descriptions by one of the authors (MDV). Patients who
had had a prior open-heart surgery were excluded. The full
cohort included both patients who underwent AVR with a
concomitant procedure and those who underwent isolated
AVR. The isolated AVR subcohort included only patients who
received no concomitant procedures.

Follow-Up and Endpoints
Clinical and echocardiographic (transthoracic) evaluations
were performed annually after the first year of follow-up.
The current studycomparedpatient andprocedural character-
istics, early outcomes (i.e., within 30 days postimplant), and 3-
year outcomes between the MI-AVR and conventional AVR
groups. Early outcomes included death and valve-related
thromboembolism, major hemorrhage, major paravalvular
leak, reintervention, deep sternal/thoracic wound infections,
andpermanentpacemaker implantation.The3-yearoutcomes
analysis included all-cause, cardiac, and valve-relatedmortali-
ty, thromboembolism, valve thrombosis, all hemorrhage, ma-
jor hemorrhage, all paravalvular leak, endocarditis, non-
structural valve dysfunction, reintervention, and explant. In
addition, a composite outcome of all-cause death, thrombo-
embolism, or reintervention at 3 years was evaluated.

Echocardiographic outcomes included mean aortic gradi-
ent, calculated with the simplified Bernoulli equation using
the mean velocities measured across the bioprosthesis, and
effective orifice area (EOA), which was calculated with the
continuity equation.

Statistical Analyses
Categorical patient and procedural characteristics are
reported as frequencies and percentages, and continuous

those endpoints within either the entire cohort or the isolated AVR subcohort. After
propensity score adjustment, there remained no association between MI-AVR and the
composite endpoint (hazard ratio: 0.86, 95% confidence interval: 0.47–1.55, p¼0.61).
Conclusion Three-year outcomes after MI-AVR with the Avalus bioprosthetic valve
were comparable to conventional AVR. These results provide important insights into
the overall ability to reduce the invasiveness of AVR without compromising outcomes.
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characteristics are reported as mean� standard deviation.
p-Values were calculated using the t-test (continuous vari-
ables) or the chi-squared or Fisher’s exact test (categorical
variables). Early and 3-year outcome event rates (and 95%
confidence intervals [CIs])were calculated using the Kaplan–
Meier method, and p-values were calculated with the log-
rank test. Cox proportional hazards models, adjusted for
propensity score to account for baseline differences, were
fit to examine differences in safety between the MI-AVR and
conventional AVR groups in each cohort. Propensity scores
were estimated for the isolated AVR cohort using multivari-
able logistic regression models adjusted for the following
potential confounders: age, male sex, body surface area,
New York Heart Association (NYHA) class III/IV, Society of
Thoracic Surgeons (STS) mortality risk, diabetes, hyper-
tension, peripheral vascular disease, renal dysfunction,
stroke/cerebrovascular accident (CVA), coronary artery dis-
ease, left ventricular hypertrophy, atrial fibrillation, and
isolated/mixed aortic stenosis. Analyses were performed
with SAS version 9.4 (SAS Institute, Cary, North Carolina,
United States). p-Value<0.05 was considered statistically
significant.

Results

Entire Cohort
In the present study, 224 (20.8%) patients underwent MI-
AVR, and 853 (79.2%) patients underwent conventional AVR.
Among 36 participating trial sites, 6 centers reported a
minimally invasive approach in 50% ormore of their enrolled
subjects. These centers enrolled 59% of allminimally invasive
patients in this study (►Fig. 1). The baseline characteristics
of the two groups are listed and compared in ►Table 1.
Patients treated with MI-AVR had a lower age, STS score, and
prevalence of coronary artery disease, and a higher preva-
lence of left ventricular hypertrophy. The procedural charac-
teristics of the two groups are listed in►Table 2. In the overall
cohort, theprimary indication forAVRwaspure aortic stenosis

in themajority of patients. The prevalence of aortic regurgita-
tion andmixed aortic diseasewas higher in theMI-AVR group.
Moreover, patients in the MI-AVR group had shorter cardio-
pulmonarybypass (98.0�30.1vs. 106.1�42.6min,p¼0.001)
and aortic cross-clamp (71.8�21.7 vs. 81.3�33.5min,
p<0.001) times, and the Cor-Knot device (LSI Solutions,
Victor, New York, United States) was more often used (28.6
vs. 10.2%, p<0.001). The proportion of concomitant proce-
dures was higher in the conventional AVR group (57.3 vs.
26.8%, p<0.001), including the proportion of concomitant
coronary artery bypass grafting procedures (41.0 vs. 0.9%,
p<0.001). The distribution of valve sizes was similar between
both groups. Within the MI-AVR group, 156 (69.6%) patients
underwent hemisternotomy, and 68 (30.4%) patients under-
went right anterior thoracotomy (RAT).

All-cause mortality was not significantly different be-
tween the MI-AVR and conventional AVR groups at 30 days
(1.3% [0.4–3.6%] vs. 0.8% [0.4–1.6%], respectively; p¼0.47)
and at 3-year follow-up (6.0% [3.3–9.7%] vs. 6.9% [5.3–8.8%],
p¼0.69). This difference remained nonsignificant for cardiac
and valve-related mortality. As reported in ►Tables 2 and 3,
all valve-related adverse events were also not significantly
different between the surgical approaches at early and 3-year
follow-up, except for all hemorrhage, which was more
frequently present in the MI-AVR group (13.1% [8.9–18.1%]
vs. 7.6% [5.9–9.6], p¼0.018). This differencewas not statisti-
cally significant for major hemorrhage (7.2% [4.2–11.2%]) vs.
4.6% [3.3–6.2%], p¼0.14).

Deep sternal/thoracic wound infections occurred in 6
patients after conventional AVR and in 1 patient after MI-
AVR (0.70 vs. 0.45%, p¼1.00). In addition, two patients who
underwent RAT developed an inguinal wound infection.

Isolated AVR
The baseline characteristics of the isolated AVR cases are also
reported in ►Table 1. One hundred sixty-four (31.1%)
patients underwent MI-AVR, and 364 (68.9%) patients un-
derwent conventional AVR. The prevalence of coronary

Fig. 1 Distribution of surgical approach across the participating centers of the PERIcardial SurGical AOrtic Valve ReplacemeNt (PERIGON) Pivotal
Trial. MI-AVR, minimally invasive aortic valve replacement.
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artery diseasewas not significantly different between groups
in this subcohort, but the conventional AVR group had a
higher prevalence of previous CVA and a lower prevalence of
renal dysfunction. In accordance with the entire cohort, the
MI-AVR groupwas younger, had a lower STS riskofmortality,
and had a higher prevalence of left ventricular hypertrophy.
For the isolated cases, cardiopulmonary bypass (96.8�29.1
vs. 85.1�29.1min, p<0.001) and aortic cross-clamp
(70.8�21.5 vs. 63.8�22.8min, p¼0.001) times were
shorter in the conventional AVR group (►Table 2). Differ-
ences in the primary indication of AVR, the use of Cor-Knot
sutures, and distribution of valve size in the isolated AVR
cohort were similar to those observed in the overall cohort.
Within the MI-AVR group, 105 (64.0%) patients underwent
hemisternotomy, and 59 (36.0%) patients underwent RAT.

In accordance with the results of the overall cohort, the
unadjusted postoperative mortality and morbidity were not
significantly different between the surgical approaches at
early and late follow-up (►Tables 2 and 3, ►Fig. 2). After
propensity score adjustment, there was no association be-
tween MI-AVR with the composite endpoint of all-cause
mortality, thromboembolism, or reintervention through
3 years (hazard ratio [HR]: 0.86, 95% CI: 0.47–1.55,
p¼0.61). The adjusted effect of MI-AVR on mortality (HR:

0.89, 95% CI: 0.34–2.30, p¼0.80) and other valve-related
adverse events separately was also not significant (►Fig. 3),
again, except for all hemorrhage (11.9% [7.4–17.7%] vs. 6.1%
[3.9–9.0%], p¼0.039). Similar to the findings in the entire
cohort, there was no significant difference in major hemor-
rhage (p¼0.40). Furthermore, there was no significant dif-
ference in EOA and mean gradient between the MI-AVR and
conventional AVR groups at discharge up to 3 years (►Fig. 4).

Subanalysis-Isolated MI-AVR Cohort
TheRATgroupwassignificantlyyounger,had lowerSTSscores,
and less left ventricular hypertrophy compared with the
hemisternotomy group. The Cor-Knot was more frequently
used in the RAT group (61 vs. 11%, p<0.0001). Early and late
safety endpoints, valve-related event rates, and hemodynamic
performance did not differ between the groups (see
►Supplementary Tables 1–3, available online only).

Within the MI-AVR group, the Cor-Knot was used in 49
patients (30%), and manually tied sutures (“No Cor-Knot”)
were used in 115 patients (70%). The baseline characteristics
were comparable apart from a higher frequency of NYHA
class III/IV in the No Cor-Knot group. Cardiopulmonary
bypass and aortic cross-clamp times were not signi-
ficantly different between the Cor-Knot group and the No

Table 1 Baseline characteristics according to surgical approach

Entire cohort (n¼ 1,077) Isolated SAVR (n¼ 528)

MI-AVR Conventional SAVR p-Value MI-AVR Conventional SAVR p-Value

(N¼224) (N¼853) (N¼ 164) (N¼364)

Age (y) 67.6�10.2 70.8�8.4 <0.001 67.7� 9.7 70.3� 8.9 0.003

Male 159 (71.0%) 646 (75.7%) 0.15 121 (73.8%) 253 (69.5%) 0.32

Body surface area (m2) 2.0� 0.2 2.0�0.2 0.17 2.0� 0.2 2.0� 0.2 0.16

Body mass index (kg/m2) 29.3�5.2 29.5�5.5 0.66 29.3� 5.3 29.6� 5.8 0.64

NYHA class III/IV 84 (37.5%) 366 (42.9%) 0.14 59 (36.0%) 145 (39.8%) 0.40

STS risk of mortality (%) 1.5� 1.1 2.0�1.3 <0.001 1.4� 1.1 1.7� 1.2 0.008

Diabetes 55 (24.6%) 232 (27.2%) 0.43 38 (23.2%) 92 (25.3%) 0.60

Hypertension 168 (75.0%) 650 (76.2%) 0.71 117 (71.3%) 253 (69.5%) 0.67

Peripheral vascular disease 14 (6.3%) 65 (7.6%) 0.48 6 (3.7%) 23 (6.3%) 0.21

Renal dysfunction/
insufficiency

29 (12.9%) 85 (10.0%) 0.20 19 (11.6%) 23 (6.3%) 0.039

Stroke/CVA 4 (1.8%) 40 (4.7%) 0.06 1 (0.6%) 22 (6.0%) 0.002

Chronic obstructive lung
disease

25 (11.2%) 102 (12.0%) 0.74 19 (11.6%) 50 (13.7%) 0.50

Coronary artery disease 49 (21.9%) 413 (48.4%) <0.001 38 (23.2%) 86 (23.6%) 0.91

Left ventricular hypertrophy 123 (54.9%) 321 (37.6%) <0.001 84 (51.2%) 140 (38.5%) 0.006

Percutaneous coronary
intervention

22 (9.8%) 121 (14.2%) 0.09 14 (8.5%) 40 (11.0%) 0.39

Atrial fibrillation 19 (8.5%) 90 (10.6%) 0.36 12 (7.3%) 33 (9.1%) 0.51

Abbreviations: CVA, cerebrovascular accident; MI-AVR, minimally invasive aortic valve replacement; NYHA, New York Heart Association; SAVR,
surgical aortic valve replacement; STS, Society of Thoracic Surgeons.
Categorical characteristics are expressed as number (percentage) and continuous characteristics as mean� standard deviation.
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Cor-Knot group (97.0�23.5 vs. 96.7�31.2 [p¼0.94] and
70.2�17.9 vs. 71.1�23.0min [p¼0.80], respectively) (see
►Supplementary Tables 4–5, available online only). There
were no significant differences in the early and late safety
endpoints, including all-cause mortality, thromboembolism,
paravalvular leak, endocarditis, and reintervention, as shown
in ►Table 4.

Discussion

In a cohort of 1,077 patients who underwent AVR with the
Avalus bioprosthesis, we found that the incidence of postop-
erative mortality and morbidity was comparable between
the MI-AVR and conventional AVR groups up to 3 years of
follow-up.

Fig. 2 Three-year outcomes according to surgical approach in the isolated surgical aortic valve replacement (AVR) cohort. Shown are
unadjusted Kaplan–Meier event rates with 95% confidence intervals (CIs) for (A) the composite outcome of all-cause mortality, thromboembolic
events, and reintervention; (B) all-cause mortality; (C) thromboembolism; and (D) reintervention. MI-AVR, minimally invasive AVR.

Fig. 3 Factors associated with 3-year outcomes in a propensity-score adjusted multivariable model. Impact of surgical approach on outcomes at
3 years in the isolated surgical aortic valve replacement (AVR) cohort. Propensity-score-adjusted multivariable models were fit to examine
differences in outcomes between the minimally invasive aortic valve replacement (MI-AVR) and conventional AVR groups. �The composite
outcome comprised all-cause death, thromboembolism, and reintervention. CI, confidence interval.
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While minimally invasive techniques for AVR were first
described in the 1990s,2,3 there remains a lack of consensus
about their application in clinical practice.8 Previous attempts
to explore the safety of MI-AVR have been hampered by the
poor quality of evidence in the literature. In a Cochrane review
of randomized controlled trials that compared limited versus
full sternotomy in 2017, only 511 patientswere included from
7 clinical trials.9 In addition, a recent meta-analysis by Chang
et al suggested that thecomparisonofearlymortality is subject
to publication bias.10 Despite these methodological concerns,
neither of these reviews nor the present study found a
significant difference in mortality or other major adverse
events between MI-AVR and conventional surgical AVR. The
strengths of the present study are its prospective multicenter
design, the size of the study population, the robustness of
follow-up, adjudicationof valve-related safety endpoints byan
independent clinical events committee, as well as consistent
assessment of hemodynamic performance by an independent
core laboratory.

As part of the protocol of the PERIGON Pivotal Trial,
surgical approach was left to the discretion of the participat-
ing surgeon. This gives insight into the decision-making of
experienced surgeons in contemporary practice, and it
appears that conventional AVR is still deemed amore appro-
priate approach for older patients who require concomitant
procedures. Because of this evident confounding by indica-
tion, a secondary analysis was performed on a narrowed
down cohort that included only patients who underwent
isolated AVR, although there remained a difference in age,
prevalence of left ventricular hypertrophy, and previous
stroke. However, both before and after propensity score
adjustment, there were no relevant differences in mortality

or other valve-related adverse events at 3 years of follow-up,
except for all hemorrhage, which was more frequently
observed in the MI-AVR group. However, the clinical value
of this difference remains unclear since there was no differ-
ence in major hemorrhage that was broadly defined in the
PERIGON Pivotal Trial as any bleeding episode that resulted
in death, hospitalization, reoperation, centesis, or a decrease
in hemoglobin to<7g/dL that required>3 U blood transfu-
sion or that caused>1 L blood loss.

Due to the limited room to maneuver with MI-AVR, it can
be hypothesized that the optimal valve size may not always
be implanted. However, in our study, MI-AVR was not
associated with inferior hemodynamic performance in the
isolated AVR subcohort, as the average implanted valve size
and postoperative echocardiographic parameters (i.e., mean
gradient and EOA) were not significantly different between
the two groups. This corresponds to the work of Furukawa
et al, who also found no relevant difference in the prosthesis
size implanted.11 In addition, there were no differences in
paravalvular leakage and cardiac device implantation at
30 days between the surgical approaches, demonstrating
that the Avalus valve can be safely used in a MI-AVR setting.

As clinical outcomes and hemodynamic performance
were comparable in the isolated AVR subcohort, the use of
MI-AVR over conventional AVR presents a trade-off between
less scarring and longer procedural times. To shorten theMI-
AVR procedure and hence make it more attractive for sur-
geons to adopt these techniques, it has been recommended
that sutureless valves be used.10 However, as shown in the
PERSIST-AVR trial, the average reduction in cardiopulmo-
nary bypass and aortic cross-clamp times was only
20minutes with sutureless versus sutured valves.12 This

Fig. 4 Postprocedural hemodynamics according to surgical approach through 3 years of follow-up. Shown are the mean gradient (solid lines)
and the effective orifice area (EOA; dashed lines) for the minimally invasive aortic valve replacement [MI-AVR] group and conventional
aortic valve replacement [AVR] group during follow-up.
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time saved comes at the cost of a threefold higher risk of
permanent pacemaker implantation, which is associated
with decreased survival during long-term follow-up.13 In
addition, despite the longer procedural times comparedwith
conventional AVR, MI-AVR with a stented bioprosthesis was
not associated with a higher rate of postoperative mortality
and morbidity. Hence, sutureless valves are not a prerequi-
site to perform MI-AVR safely.

Another theoreticalwayof shorteningMI-AVRprocedures is
the use of automated suture fasteners. Literature on automated
suture fasteners inMI-AVR is scarce. A recent systematic review
andmeta-analysisbySazzadetal14 includedthree retrospective
cohort studiesandonesmall randomizedcontrolled trial. Short-
term outcomes showed reduced cardiopulmonary bypass and
aortic cross-clamp times and similar earlymortality rates. Mid-
and long-termoutcomesare lacking, leavingagapof knowledge
about potential complications related to extra foreignmaterial,
such as thromboembolism, endocarditis, and reintervention.
We did not find a difference in bypass or cross-clamp times in
the present study, and all safety endpoints were similar at
30 days and 3 years of follow-up.

While the present study suggests that MI-AVR is as safe as
conventional AVR in patients who require isolated AVR, it
does not support MI-AVR through hemisternotomy or RAT
unequivocally. To prove the benefit of these techniques,

future studies should focus on time to recovery and quali-
ty-of-life outcomes. These “soft” outcomes may help to align
patient preferences with the selection of the most appropri-
ate treatment strategy.8 Furthermore, surgeons should be
aware that there is a learning curve associated with the
adoption of MI-AVR techniques. Approximately 50 cases are
required to achieve a stable operative time,15,16 although
cumulative institutional experience could likely benefit the
individual learning curve.

Limitations

Although data were prospectively collected, patients were
not randomized to the respective treatment strategies, as
reflected in differences in baseline characteristics between
the groups. Nevertheless, narrowing inclusion criteria and
applying propensity score adjustment did not change the
results. In addition, follow-up was relatively short as the
average duration was 3 years after the procedure. While
hemodynamic performancewas consistent between the two
groups, the PERIGON trial will continue to follow a subset of
patients for up to 12 years of follow-up, and those long-term
results will provide further insights into the relative safety
and hemodynamic performance of the Avalus valve in a MI-
AVR setting.

Table 4 Summary of adverse events according to the use of Cor-Knot at 3 years follow-upa

Cor-Knot (N¼49) No Cor-Knot (N¼115) p-Valueb

All-cause mortality 4.2% (1.1–15.7%)
(n¼ 2)

3.6% (1.4–9.2%)
(n¼ 4)

0.8

Cardiac-related mortality 2.0% (0.3–13.6%)
(n¼ 1)

3.6% (1.4–9.2%)
(n¼ 4)

0.61

Valve-related mortality 2.0% (0.3–13.6%)
(n¼ 1)

0.9% (0.1–6.4%)
(n¼ 1)

0.56

Thromboembolism 6.6% (2.2–19.2%)
(n¼ 3)

2.6% (0.9–8.0%)
(n¼ 3)

0.27

Valve thrombosis 0.0% (NA)
(n¼ 0)

0.0% (NA)
(n¼ 0)

NA

All hemorrhagec 11.6% (4.9–25.9%)
(n¼ 5)

12.2% (7.2–20.1%)
(n¼ 13)

0.86

Major hemorrhagec 4.1% (1.0–15.3%)
(n¼ 2)

6.6% (3.2–13.4%)
(n¼ 7)

0.61

All paravalvular leak 0.0% (NA)
(n¼ 0)

0.0% (NA)
(n¼ 0)

NA

Endocarditis 6.2% (2.0–18.0%)
(n¼ 3)

1.8% (0.5–7.1%)
(n¼ 2)

0.15

Nonstructural valve dysfunction 0.0% (NA)
(n¼ 0)

0.0 (NA)
(n¼ 0)

NA

Reintervention 6.3% (2.1–18.3%)
(n¼ 3)

1.8% (0.4–6.8%)
(n¼ 2)

0.15

Explant 6.3% (2.1–18.3%)
(n¼ 3)

1.8% (0.4–6.8%)
(n¼ 2)

0.15

Abbreviation: NA, not available.
aData are the Kaplan–Meier event rate, 95% confidence interval, and number of patients with an event.
bp-Value from log-rank test through 3 years.
cOnly anticoagulant-related hemorrhage events are included.
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Conclusion

Three-year outcomes after MI-AVR with the Avalus biopros-
thetic valve were comparable to outcomes achieved with a
conventional AVR. These results provide important insights
into the overall ability to reduce the invasiveness of AVR
without compromising outcomes.

Abbreviations

AVR aortic valve replacement
CABG coronary artery bypass grafting
CVA cerebrovascular accident
EOA effective orifice area
MI-AVR minimally invasive aortic valve replacement
NYHA New York Heart Association
PERIGON PERIcardial SurGical AOrtic Valve ReplacemeNt

Pivotal Trial of the Avalus valve
RAT right anterior thoracotomy
STS Society of Thoracic Surgeons
TAVR transcatheter aortic valve replacement
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