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Abstract

Background: The longevity of a stentless valve in a younger population (20-60 years old) is
unknown.

Methods: From 1992-2015, 1947 patients underwent aortic valve/root replacement for aortic
stenosis, insufficiency, root aneurysm or aortic dissection with stentless bioprosthesis (median
size: 26 mm). 105 patients were <40, 528 were 40-59, 860 were 60-74, and 454 were =75 years at
operation. This data was obtained through chart review, administered surveys and the national
death index.

Results: Thirty-day mortality rate was 2.6%. During follow up, 807 (41%) of patients expired
before reoperation, 993 (51%) were alive without reoperations due to deterioration and 113
patients (5.8%) underwent reoperation for structural valve deterioration (SVD). After adjusting
death and reoperation for non-SVD causes as competing risk, the cumulative incidence of
reoperation was significantly different between the younger groups (<40, 40-59) and the older
groups (60-74, =75) p<0.0001, but not inside the younger (<40 vs 40-59) or older (60-74 vs. >75)
group. The significant hazard ratio of reoperation for <40 vs =75 was 12, <40 vs 60-74 was 4, 40—
59 vs 60-74 was 3, and 40-59 vs =75 was 9, p<0.01. The 10-and 15-year survival in the whole
cohort was 53% and 29%.

Conclusions: The stentless aortic valve provides satisfactory durability as a conduit for aortic
valve/root replacement for patients who prefer a bioprosthesis. However, it should be judiciously
considered for patients <60 years due to increased incidence of reoperation for structural valve
deterioration.
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The majority of stentless valves have been used in elderly patients (> 60 years) [1,3-5] with
high freedom of structural valve deterioration (SVD) and reoperation [1,3-5]. There is
limited data of the longevity of stentless valves in younger patients between ages 20-60
years. Limited reports with small numbers of patients younger than 60 years showed there
was no significant difference of the reoperation rate between elderly patients (>60-65 years
old) and younger patients (<60 years old) [5-7]. However, a recent study demonstrated that
SVD developed earlier in younger patients, with a SVD rate of 57% at 15 year follow up in
patients less than 40 years old [8].

In this study, we examined the long-term survival, the risk factors for reoperation for
structural valve deterioration, and the risk factors for all-time mortality after surgery over a
23-year span for the Freestyle bioprosthetic valve (Medtronic Inc. Minneapolis, MN) in
1,947 patients with 633 patients < 60 years of age. It is known that stented bioprostheses
have a higher risk of SVD and reoperation in younger people [9]. We hypothesize patient’s
age has a negative impact on the longevity of the stentless valve; the younger the patients,
the higher the risk of reoperation.

PATIENTS AND METHODS

This study was approved by the Institutional Review Board at Michigan Medicine and a
waiver of informed consent was obtained.

Patient Selection

Between 1992 and 2015, 1,947 patients underwent aortic valve or aortic root replacement
with first-time use of Freestyle stentless bioprosthetic valve. Indications for operation were
aortic stenosis, aortic insufficiency, aortic dissection, or root aneurysm. Patients undergoing
replacement due to endocarditis were excluded from the study. Patients were divided into 4
age groups: <40 (n=105), 40-59 (n=528), 60-74 (n=860), and =75 (n=454).

Data Collection

Data was obtained from Society of Thoracic Surgery (STS) from Michigan Medicine’s
Cardiac Surgery Data Warehouse to identify study cohort and to determine peri-operative
characteristics. Data collection was supplemented with medical record review. Events of
reoperation included surgical aortic valve replacement or transcatheter aortic valve
replacement for all aortic valve/aortic root pathology, such as: valve deterioration, prosthetic
valve endocarditis, root aneurysm/pseudoaneurysm and thrombosis of the stentless valve.
All living patients with a known address (n=1354) were mailed a questionnaire or contacted
by phone through December 2015. Survival was obtained through the National Death Index
database through December 31, 2015[10], as well as medical record review and
questionnaire response.
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Operative Technique

The operative indications were: aortic stenosis (1168, 60%), aortic insufficiency (393, 20%),
aortic root aneurysm (227, 12%), or aortic dissection (101, 5%). All patients underwent
primary replacement of the aortic valve/root with a Freestyle bioprosthesis conduit.
Operative implantation of the Freestyle valve was completed through the following
mechanism: subcoronary (12, 0.6%), modified inclusion or root inclusion (1812, 93%), total
root replacement (60, 3.1%), or undocumented (63, 3.2%). The inclusion technique was to
implant the whole Freestyle root inside the native aortic root. The proximal suture line was
to sew the sewing ring of the Freestyle root to the basal ring of native aortic root with 2-0
ethabond in interrupted fashion. Two holes were created at the left and right coronary
sinuses and the coronary ostia were implanted as end-to-side fashion. The Freestyle root and
native root matched at the sinotubular junction and anastomosed together as distal suture
line. Less than 1% cases were done with inclusion technique. Modified inclusion technique
is to scallop the left and right coronary sinuses of the Freestyle root. The coronary artery
implantation was slightly easier in modified inclusion technique than inclusion technique
since the left and right coronary sinuses of Freestyle root were resected. Total root
replacement was performed as a Bentall procedure. The Freestyle root was rotated 120-
degrees clockwise. The sewing ring of the Freestyle root was anastomosed to the aortic
valve annulus with pledgeted 2—-0 ethabond sutures in interrupted horizontal mattress fashion
around the annulus in an everting suture fashion. Two coronary arteries were implanted as
individual buttons in an end-to-end fashion. The subcoronary implantation and modified
inclusion were used for aortic valvulopathy needing valve replacement only. Modified
inclusion was also used for non-coronary sinus dilation, such as in patients with bicuspid
aortic valve, or to enlarge the aortic root by incising the non-coronary sinus and implanting a
larger valve size. The inclusion root was used in type A aortic dissections. Total root was
used mainly for aortic root aneurysms, especially in patients with connective tissue disease.

Statistical Analysis

Data are presented as median (interquartile range) for continuous data and as number (%)
for categorical data. For comparisons of categorical variables across age groups, chi-square
tests or fisher exact tests were used accordingly to the expected cell counts. For comparisons
of continuous variables across age groups, kruskal-wallis rank sum tests were used when
variables were not normally distributed. The normality distribution of continuous variables
was checked with Shapiro-Wilk tests. Bonferroni correction was used to adjust multiple
comparisons in the descriptive tables. Kaplan-Meier method was used for crude survival
curves estimate for time to death since primary operation. The log-rank test was used to
compare survival between groups. Cox proportional hazards regression was used to calculate
the adjusted hazard ratios (HRs) with 95% confidence interval for survival by adjusting for
age, gender, primary indication, COPD, hypertension, previous cardiac surgery, preoperative
congestive heart failure, renal failure on dialysis, and coronary artery disease. In the COX
model for death, preoperative congestive heart failure, renal failure on dialysis, and coronary
artery disease violated the assumption of proportional hazard and were used as strata.
Adjusting for death and reoperation for other reasons as a competing risk factor, cumulative
incidence (CI) curves were generated to assess reoperation rates for SVD over time. Cause-
specific Cox regression model was used to assess the risk factor for reoperation including
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age, gender, primary indications for initial operation, renal failure on dialysis, hypertension,
and bicuspid aortic valve. Proportional hazard assumptions were checked and passed in this
COX model for reoperation. P values of less than 0.05 (2-tailed) were considered
statistically significant.

RESULTS

Demographic and Preoperative Data

The patients were predominantly male with median age of 66 years. The older two groups of
patients had more hypertension, diabetes mellitus, CAD, COPD, but less BAV; more
previous CABG, but less aortic or aortic valve surgery compared to the younger two groups.
(Table 1, Supplemental Figure 1).

Intraoperative Data

The modified inclusion procedure was the most frequently used technique of implantation
(93%) with median size of 26 mm. (Figure 1). The implanting technique of the Freestyle
valve was not different among the four groups. (Table 2).

Perioperative Outcomes

The operative mortality was 3.3% and not significantly different among the groups. The
older two groups had longer ventilation time and higher rate of atrial fibrillation. (Table 3).
The risk factors for operative mortality were female, acute type A aortic dissection, and
preoperative CAD, COPD, and renal failure. (Supplemental Table 1)

Long term Outcomes

Reoperation—In the total cohort (n=1,947), 77% (n=1,504) had known information
regarding reoperation. During our follow up period, we identified 147 patients had
reoperation, 807 patients expired, and 993 patients were alive without any reoperation until
their last follow up time. In patients with known status of reoperation, 113 were due to SVD
and 34 due to non-SVD related causes such as endocarditis, thrombosis, aneurysm/
dissections, or were unknown. There was no significant difference in CI of reoperation by
age cohort younger than 60 (20-30 vs. 31-40 vs. 41-50 vs. 51-60, or <40 vs. 40-59,
p>0.05) , but there was a significant difference between age groups <40 or 40-59 vs. 60-74
or 275 (all p<0.003). (Figure 2A, 2B). The CI of reoperation at 10 years for patients <40 was
12%, 40-59 7.6%, 60-74 1.2%, and =75 years at operation 0.9%. (Figure 2B). The hazard
ratios for reoperation were significant for age groups and BAV. (Table 4).

Long-term survival—The follow-up time was 6.3+5.1 years. The Kaplan-Meier 10- and
15-year survival for the whole cohort was 53% and 29%. (Figure 3A), which decreased
significantly in the two older age groups. (Figure 3B, Supplemental Figure 3). The risk
factors of late mortality after surgery included age, aortic dissection, aortic stenosis as
primary indication compared to aortic insufficiency or aortic root aneurysm, COPD,
hypertension, and previous cardiac surgery. (Table 5).
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COMMENT

In this study, we found the operative mortality rate (3.3%) for freestyle implantation was
low. The 10-year and 15-year survival were 53% and 29%. The CI of reoperation for SVD
was significantly different between the younger (<40, 40-59) and older (60-74, =75) groups,
but not inside the younger (<40 vs. 41-59) or older (60-74 vs. =75) groups. (Figure 2, Table
4).

Although stentless valve has better hemodynamics than stented valve, it is not popularly
used. One of the reasons is that the implantation of stentless valve is more complex than
stented valve. No matter which stentless technique (inclusion/modified inclusion or total
root replacement) is used there are additional suture lines required and coronary artery
reimplantation. Our operative mortality rate (3.3%) appears comparable with other studies in
the literature which include 300 or more cases whose mortality rate ranges from 3.4 to 8%
[7,11,12,13], though our study did not include patients with endocarditis. The incidence of
complete heart block requiring pacemaker in our study was 4%, which was half of the
reported incidence [4]. Our results show Freestyle valve implantation can be performed with
good outcomes. The mortality rate of reoperation for degenerated or infected stentless valve
is also low (1-2%) at our center [2]. However, the implantation of a stentless valve and the
reoperation are both definitely more complex than those for a stented valve.

The overall 10- and 15-year survival in the whole cohort was 53% and 29%, which is
consistent with other reports in the literature [3,4,14,15]. Compared to patients with aortic
insufficiency or aortic root aneurysm as primary indication for aortic valve replacement,
patients with aortic stenosis as primary indication had a significantly higher risk (1.4 or 1.5
times higher, respectively) of late mortality after Freestyle valve implantation, which was
similar to the risk of late mortality in patients with acute type A aortic dissection. (Table 5).
This finding suggested that aortic stenosis patients with hypertrophic cardiomyopathy may
have more difficulty with ventricular remodeling and recovery than a dilated
cardiomyopathy resulting from aortic insufficiency or no cardiomyopathy in patients with an
aortic root aneurysm and mild/moderate valve pathology. We have followed the appropriate
AHA/ACC guidelines over time for the treatment of aortic stenosis, which include severe
symptomatic aortic stenosis or asymptomatic severe aortic stenosis with decreased left
ventricular ejection fraction, development of pulmonary hypertension or critical aortic
stenosis [16]. Those conditions indicate end stage aortic stenosis with a severely damaged
left ventricle. Based on current AHA/ACC guidelines, we might be too late for replacing the
stenotic aortic valve to allow for the ventricular recovery.

It was not surprising that younger patients had a higher CI of reoperation due to SVD
(Figure 3A and 3B) during follow-up after surgery, which was similar to what is reported in
the literature [3]. Surprisingly, the Cl was very obvious between the patients <60, and >60,
but not among patients <60. (Figure 2B). Even in the patients between 20-30 years of age,
the 10-year cumulative risk was <20% and only 7.8% for all patients <60 years of age
(Figure 2A, Supplemental Figure 2). This finding suggests Freestyle valve could be a valid
choice for patients younger than 40, especially as it does provide better hemodynamics.
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The most common mechanism for structural valve deterioration is fracture of the cusps
resulting in aortic insufficiency [2,3]. Unlike a living aortic valve, the Freestyle valve is a
processed non-living porcine aortic valve that cannot repair itself. Compared to older
patients, younger patients are more active, have higher heart rates and can generate greater
dynamic forces with each heartbeat, which may cause earlier degeneration necessitating a
shorter time span until reoperation. Another interesting finding was that bicuspid aortic
valve was an independent risk factor for SVD compared to trileaflet aortic valve. This
mechanism remains unknown.

Our study has limitations as a retrospective study. The follow-up for the reoperation was not
100%, which could underestimate the cumulative incidence of reoperation. However, the
majority of patients who had Freestyle valves implanted at our institution are followed long
term in our aortic clinic. They are educated on Freestyle durability and therefore had their
degeneration diagnosed early in its course and underwent reoperation. The CI of reoperation
we used in this study would underestimate the rate of SVD of the Freestyle valve.
Additionally, we only included patients without endocarditis.

In conclusion, implantation of a Freestyle valve can be safely performed with low operative
mortality. The age inversely affects the longevity of the Freestyle aortic valve. We should be
cautious when offering a Freestyle valve to patients <60 years of age when they need aortic
valve/root replacement. However, in younger patients who cannot have a mechanical valve
for medical reasons which prohibit long term anticoagulation or are not willing or
responsible enough to take anticoagulation, the Freestyle valve is still a good option.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1:
The distribution of the size of Freestyle valve implanted.
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Figure 2:

Cumulative incidence (CI) of reoperation after implantation of Freestyle valve in different
age group adjusting death and reoperation for other reasons as a competing factor. A:
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patients grouped by age with incremental of 10 years: 20-30(28 patients), 31-40(90
patients), 41-50(204 patients), 51-60(353 patients), 61-70(574 patients), 71-80(537
patients), and >80(161 patients). Among the patients <60 years, there was no significant
difference in CI of reoperation by age cohort (20-30 vs. 31-40 vs. 41-50 vs. 51-60). There
was significant difference of Cl in patients of 51-60 vs. 61-70, p<0.0001, 61-70 vs. 71-80,
p<0.01, but no significant difference 71-80 vs. >80 years. B: patients grouped by age <40
years (105 patients), 40-59 years (528 patients), 60—74 years (860 patients), and =75 (454
patients) years. There was significant difference in CI of reoperation in patients of age <40
vs 60-74 p<0.0001, <40 vs =75 p=0.001, 40-59 vs 60-74 p<0.0001, and 40-59 vs =75
p=0.003, but no significant difference between <40 vs 40-59, and 60-74 vs >75.
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Long-term survival (Kaplan-Meier analysis) of patients with aortic valve replacement with
Freestyle Bioprosthesis. A: The whole cohort. B: Separate cohorts divided by age <40, 40—
59, 60-74, and =75.
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