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Abstract
Background The Carpentier-Edwards Perimount valves have a proven track record in aortic valve replacement: good durability,
hemodynamic performance, rates of survival, and infrequent valve-related complications and PPM. The St. Jude Medical
Trifecta is a newer valve that has shown comparable early and midterm outcomes. Studies show reoperation rates of Trifecta
are comparable to Perimount valves, with a few recent studies bringing into focus early SVD, and increased midterm SVD in
younger patients. Given that midterm data for Trifecta is still sparse, we wanted to confirm the early low reoperation rates of
Trifecta persist over time compared to Perimount. Methods The Maritime Heart Centre Database was searched for isolated
AVR or AVR+CABG between January 2011 and December 2016. Primary end point of the study was all-cause reoperation rate.
Results 711 Perimount and 453 Trifecta implantations were included. The reoperation hazards were determined for age: 0.96
(0.92-0.99, p=0.02), female (vs male): 0.35 (0.08-1.53, p=0.16), smoker (vs non-smoker): 2.44 (0.85-7.02, p=0.1), and Trifecta
(vs Perimount): 2.68 (0.97-7.39, p=0.06). Kaplan-Meier survival analysis in subgroups—age < 60, age [?] 60, male, female,
smoker, and non-smoker—showed Perimount having lower reoperation rates than Trifecta in patient younger than 60 (p=0.02)
and those with smoking history (p<0.01). Conclusions The rates of reoperation of Perimount and Trifecta were comparable,
with Trifecta showing higher rates in patients younger than 60 years, and current smokers. Continued diligence and further
independent reporting of midterm reoperation and SVD rates of the Trifecta, including detailed echocardiographic follow up,
are needed to confirm these findings.
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Short Title
6 Year Follow-up of Aortic Valve Reoperation Rates
Summary
Carpentier-Edwards Perimount valves have a proven track record of low reoperation rates in aortic valve
replacement. The St. Jude Medical Trifecta is a newer valve that has shown comparable outcomes. Given
midterm data for Trifecta is still sparse, we wanted to confirm the low early reoperation rates of Trifecta
persist over time. The reoperation rates of Perimount and Trifecta were comparable, with Trifecta showing
higher rates in patients younger than 60 years, and current smokers.
Abstract
Background
The Carpentier-Edwards Perimount valves have a proven track record in aortic valve replacement: good
durability, hemodynamic performance, rates of survival, and low rates of valve-related complications and
PPM. The St. Jude Medical Trifecta is a newer valve that has shown comparable early and midterm
outcomes. Studies show reoperation rates of Trifecta are comparable to Perimount valves, with a few recent
studies bringing into focus early SVD, and increased midterm SVD in younger patients. Given that midterm
data for Trifecta is still sparse, we wanted to confirm the early low reoperation rates of Trifecta persist over
time compared to Perimount.
Methods
The Maritime Heart Centre Database was searched for isolated AVR or AVR+CABG between January 2011
and December 2016. Primary end point of the study was all-cause reoperation rate.
Results
711 Perimount and 453 Trifecta implantations were included. The reoperation hazards were determined for
age: 0.96 (0.92-0.99, p=0.02), female (vs male): 0.35 (0.08-1.53, p=0.16), smoker (vs non-smoker): 2.44
(0.85-7.02, p=0.1), and Trifecta (vs Perimount): 2.68 (0.97-7.39, p=0.06). Kaplan-Meier survival analysis
in subgroups—age < 60, age [?] 60, male, female, smoker, and non-smoker—showed Perimount having
lower reoperation rates than Trifecta in patient younger than 60 (p=0.02) and those with smoking history
(p<0.01).
Conclusions
The rates of reoperation of Perimount and Trifecta were comparable, with Trifecta showing higher rates in
patients younger than 60 years, and current smokers. Continued diligence and further independent reporting
of midterm reoperation and SVD rates of the Trifecta, including detailed echocardiographic follow up, are
needed to confirm these findings.
Introduction
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Native aortic valves are increasingly replaced with bioprosthetic valves in surgical aortic valve replacement
(AVR).1 The nature of the bioprosthetic valve design falls susceptible to structural valve deterioration (SVD),
but durability has been improving with new designs.2,3 The multitude of brands on the market elicits the
need to compare prosthesis durabilities and rates of reoperation.
The Carpentier-Edwards Perimount (Edwards Lifesciences, Irvine, CA, USA) and the St. Jude Medical
Trifecta valve (St. Jude Medical, St. Paul, MN, USA; recently acquired by Abbott, Illinois, USA) are two
popular options.4 Perimount has been a frequent choice in our centre because it has a proven track record
of good durability,5 low incidence of PPM,5,6 and rates of survival and valve-related complications comparable to other valves.6 The Magna Ease valve is the newest iteration of the Perimount design that received
modifications to increase the ease of implantation, including a smaller, contoured sewing ring than previous
iterations.6 The Manga Ease has demonstrated a hemodynamic performance comparable to its predecessor
at early timepoints.7,8 The Trifecta is a newer valve, introduced in our center in 2011. The Trifecta is also
implanted in the supra-annular position to generate maximal leaflet opening and hemodynamics similar to
a stentless valve.9,10 Trifecta has been compared to Magna Ease at early timepoints to show Trifecta having
a slight edge in terms of post-operative hemodynamic parameters: lower mean gradient, lower maximum
velocity, and larger orifice size at rest and during exercise.9,11–15 At early time points, Trifecta also has been
reported to have lower rates of severe PPM,13 comparable or slightly lower rates of mortality and congestive
heart failure,15,16 and comparable SVD rates in large series implantation studies.10,17
Published data at early time points supports the continued use of both Perimount and Trifecta valves,
however, midterm data for Trifecta is still sparse. One recent study of mid-term valve durability has demonstrated that Trifecta is associated with a higher occurrence of reoperation due to SVD compared to the
Perimount Magna Ease.4 Given the sparseness of midterm outcomes of Trifecta, this study aims to compare
Trifecta to the Perimount valve, to confirm that low reoperation rates of Trifecta persist over time.
Methods
Study Population
The study population includes all patients who underwent AVR, either isolated or with coronary artery
bypass grafting, at the Queen Elizabeth II Health Sciences Centre (QEII HSC, Halifax, NS, Canada) between
2011 and 2016, inclusively. Patient data was obtained from The Maritime Heart Center Cardiac Surgery
(MHC) Registry. The MHC is a detailed clinical database that captures preoperative, intraoperative, and
postoperative data from all patients undergoing cardiac surgery from 1995 to present in Nova Scotia, Canada.
This database was accessed to identify all patients who had their native valve replaced with Perimount
or Trifecta valves in AVR, and who of those patients received reoperations for prosthetic valve failure.
Perimount, Perimount RSR, Perimount Magna, and Perimount Magna Ease valves were combined into a
single Perimount group. Patients were included of any age, sex, and co-morbidity.
Surgical Technique
Surgical aortic valve replacement was carried out in a typical fashion, with minor variation among surgeons.
Briefly, cardiopulmonary bypass with right atrial and aortic cannulation, mild hypothermia, and a combination of retrograde and direct ostial cardioplegia was used. Transverse aortotomy with sharp excision of
the valve, followed by valve sizing and implantation using interrupted, pledgeted sutures of 2-0 braided,
permanent suture was employed. De-airing after closure of aortotomy was carried out with transesophageal
echo (TEE) guidance, and TEE used to evaluate valve function after weaning from bypass.
Endpoints
The primary endpoint was aortic valve reoperation rates due to any cause, as well as aortic valve reoperationfree survival for reoperations happening between 2011 and 2016, inclusive.
Statistical Analysis
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Statistical analyses were performed using RStudio version 1.2.1335 (RStudio, Inc). Patient characteristics
and reoperation rates (event rates) were compared using χ2 or Fischer’s Exact Test where appropriate. Timedependent comparison of reoperation-free survival was demonstrated using Kaplan-Meier Survival curves
with 95% log-log confidence intervals. The survival curves were log-inverted to demonstrate cumulative
hazard of reoperation. The patient population was analysed as a whole and in subgroups based on age, sex,
and current smoker status. A Cox-Proportionality Hazard Model comparing age, sex, current smoker status,
and valve brand, but no interactions, was developed to determine Hazard Ratios of the variables. Competing
risk analysis due to patient mortality was not performed due to lack of patient mortality data.
Results
711 Perimount and 453 Trifecta valves were implanted in the study period. Patient demographics are
summarized in Table 1. Average follow-up times were 2.48 ± 1.70 years for Perimount and 2.51 ± 1.51
years for Trifecta. No significant differences in patient characteristics and co-morbidities were found between
Perimount and Trifecta groups (Table 1).
Reoperation rates were 0.8% for Perimount and 2.2% for Trifecta (p = 0.07) for the entire patient cohort over
the 6-year study period (Table 2). However, significant differences were found among patients undergoing
reoperation in age and smoking history subgroups. Reoperation rates were 1.4% for Perimount and 7.6% for
Trifecta (p = 0.04) in the age < 60 years subgroup. Reoperation rates were 0% for Perimount and 10.2%
for Trifecta (p < 0.01) in the smoking history subgroup. All other subgroups demonstrated non-significant
differences in event rates (Table 2).
Reoperation hazards were 1.64% for Perimount and 3.93% for Trifecta (p = 0.06) for the entire patient
cohort at the 6-year study period end point (Table 3, Fig. 1). However, significant differences were found
in the age and smoker subgroups (Fig. 2). Reoperation hazards were 2.44% for Perimount and 13.1% (p =
0.02) in the age < 60 years subgroup. Reoperation hazards were 0% for Perimount and 18.0% for Trifecta
(p < 0.01) in the smoker subgroup. All other subgroups demonstrated non-significant differences in event
hazards. Interestingly, Trifecta demonstrated noticeable high rate of reoperations at < 6 months of the study
period in subgroups of age < 60 years, males, and smokers (Fig. 2).
The Cox-proportional Hazards Model showed Hazard Ratios (HR) for age: 0.96 (0.92-0.99, p=0.02), female (vs male): 0.35 (0.08-1.53, p=0.16), smoker (vs non-smoker): 2.44 (0.85-7.02, p=0.1), and Trifecta (vs
Perimount): 2.68 (0.97-7.39, p=0.06).
Discussion
In comparison, CE Perimount and SJM Trifecta reoperation hazards were 1.64% for Perimount and 3.93% for
Trifecta (p = 0.06) at 6 years, which while a 2.75-fold difference, was not statistically significant (p=0.06). The
hazard function for reoperation with Trifecta implants was significantly higher among patients younger than
60 years of age and among patients with a history of smoking. A recent study of mid-term Trifecta durability
has shown Trifecta was associated with high rates of SVD in patients younger than 65 years compared to
non-Trifecta group composed of Magna Ease (80.4%), Intuity (13.1%), Mitroflow (3.8%), and Avalus (2.7%),
and the rate difference was also approximately 3-fold.18 However, other studies have shown Perimount and
Trifecta having similar rates of reoperation or reintervention. For Perimount Magna, reintervention rate
was 1% at 10 years,19 and cumulative incidences of explantation for endocarditis and SVD were 1.2% and
1.0% at 10 years.20 For Trifecta, three studies have reported the freedom from all-cause aortic bioprosthesis
reintervention at 5 years to be 98.6%,21 96%,22 and 84.5%.23 There is variability between studies and surgical
centers, which demonstrates Perimount and Trifecta can have comparable rates of reoperation, but with a
slight preponderance in current literature for higher rates of SVD in Trifecta.
In this study, Trifecta demonstrated a noticeably high rate of reoperations at <6 months of the study period
in higher risk subgroups: age < 60 years, males, and smokers (Fig. 2). Trifecta failures at <46 months have
also been described before and attributed in part to insufficient surgeon experience with a new valve leading
to PPM and higher postoperative peak and mean AV gradients,20 and to mechanical issues: tear of the

4

Posted on Authorea 18 Jun 2020 — The copyright holder is the author/funder. All rights reserved. No reuse without permission. — https://doi.org/10.22541/au.159248770.01249640 — This a preprint and has not been peer reviewed. Data may be preliminary.

noncoronary cusp, circumferential pannus formation composed of fibrofatty tissue in the inflow portion, and
leaflet calcification concentrated around the posts in the outflow portion leading to restricted leaflet mobility,
stenosis, and regurgitation.24,25 Only 1 out of 16 patients had active endocarditis during reoperation, due
to which the prosthesis may have failed. Otherwise, the cause of reoperation was not available, which is a
limitation of this study.
Study Limitations
The study end point was reoperation, which limited the conclusions drawn about bioprosthesis failure rates.
First, the valve failure rates may be lower than actual with this approach, as patients may be lost to
valve-related mortality,26 inoperable status,19 out-of-province reoperations, and non-operative management
of failing aortic valves rather than referral for reoperation. Indeed, studies that focus only on reoperation
rates systematically underestimate the real incidence of SVD.27 Thus our approach underestimates valve
failure rates, resulting in lost statistical power in comparing SVD by valve type. Overall event rates were
low, limiting statistical power as well as the potential generalizability of the results.
This has also caused the Cox proportional hazards model to fail to show significance of smoking on prosthesis
reoperation, which is otherwise a known predictor of SVD27 . This precluded us from examining other known
predictors of SVD, or to make a meaningful distinction between SVD and non-SVD mechanisms.
Echocardiogram data can reveal specific cause of valve failure, such as SVD, non-structural VD, or infective
endocarditis.28 Such data would demonstrate more accurate rates of prosthesis failure requiring reoperation.
Conclusion
This study compared reoperation rates of CE Perimount and SJM Trifecta aortic bioprostheses for AVR.
The rates of reoperation were comparable, with Trifecta showing higher rates in patients younger than 60
years, and current smokers. Literature has also shown that reoperation rates of Trifecta are comparable to
Perimount valves, with a few recent studies bringing into focus early SVD in Trifecta, and increased midterm
SVD in younger patients. Continued diligence and further independent reporting of midterm reoperation
and SVD rates of the Trifecta, including detailed echocardiographic follow up, are needed to confirm these
findings.
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