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ABSTRACT

Objective: To define the function of the “Ross valves” and its clinical meaning in
a practical valve performance classification as part of the outcome analysis.

Methods: From 1994 to 2017, 630 consecutive patients underwent the subcoro-
nary Ross procedure at our institution. The valve performance classification com-
bines hemodynamics, symptoms, and management criteria. Median follow-up

was 12.5 years (maximum 22.3 years, 7404 patient-years, 99.4% completeness).
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Results: The mean age of the patients was 44.7 &= 11.9 years. Hospital deaths was
0.3% (n = 2). Twenty years after the operation survival was 73.1% (95% confi-
dence interval [CI], 65.4%-81.6%) and statistically not different from the age-
and gender-matched general population; freedom from reoperation was 85.9%
(95% CI, 80.2%-92.0%; 0.6% per patient-year), 8§9.8% (95% CI, 84.3%-
95.7%) for autograft, and 91.0% (95% CI, 86.3%-96.0%) for homograft. Preop-
erative annulus diameter, aortic regurgitation, annulus reinforcement, sinotubular
junction reinforcement, and bicuspid aortic valve type were no significant risk fac-
tors for reoperation. At 20 years the probability of a patient being in valve perfor-
mance class I to IV was 5%, 74%, 19%, and 1%, respectively. Time to
reoperation was not different in bicuspid and tricuspid aortic valves; preoperative
aortic stenosis tended to have better outcome of autograft function.

Conclusions: These up to 22 years data show that the subcoronary Ross procedure
continues to provide an excellent tissue aortic valve replacement. The suggested
valve performance classification emerged as a practical concept for outcome anal-
ysis with the probability of 79% being in the favorable class I or II at 20 years. (J
Thorac Cardiovasc Surg 2018;156:79-86)

Valve performance classes over time after the sub-
coronary Ross procedure.

Central Message

Up to 22 years the subcoronary Ross procedure
provides excellent results. A valve performance
classification emerged as a practical concept
for outcome analysis.

Perspective

The presented valve performance classification
might surface as a practical tool to analyze
different Ross techniques and other valve sub-
stitutes. The subcoronary Ross technique in-
cludes the native aortic root as a natural
dynamic external reinforcement with favorable
effects on preventing root dilatation and poten-
tially preserving autograft function, a principle
that needs further evaluation.

See Editorial Commentary page 87.

See Editorial page 77.

Life after replacement of the aortic valve is still subjected to
certain prosthesis-related shortcomings. Several replace-
ment substitutes are available for different patient condi-
tions. For decision-making, detailed information on
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survival, valve performance, and adverse events is essential.
These 3 components mainly influence clinical status and
quality of life or life satisfaction. Grading of valve hemody-
namics from normal function, over different degrees of
dysfunction to reoperation and combining it with symptoms
and management allows for creating a valve performance
classification (VPC). More recently echocardiographic
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Abbreviations and Acronyms
BAV = bicuspid aortic valve
CI = confidence interval
VPC = valve performance classification

associations have defined several levels of valve function
concerning stenosis and regurgitation,'” paving the way
for our new VPC that combines grading of valve function
with valve-related symptoms and management according
to recent guidelines.” This VPC has the aim to provide a
practical and lucid tool for a more differentiated judgement
of the Ross and other surgical valve procedures, for better
scientific and clinical communication and more detailed
information.

The Ross procedure is the only aortic valve replacement
method using autologous, living semilunar valve tissue, and
as such has a promising potential for a permanent near phy-
siological valve replacement. There is now clinical evidence
that the Ross procedure in the young and middle-aged patients
is associated with excellent outcome.”'” Long-term results
are growing for the freestanding or inclusion technique''"”
but are scarce for the original subcoronary technique.
Furthermore, there is a lack of a practical VPC for
comparison between different techniques and substitutes.
Therefore we introduced a new VPC as part of the overall
outcome evaluation in 630 consecutive Ross patients using
the subcoronary technique over the past 22 years.

METHODS
Patients

Six hundred thirty subcoronary Ross patients were consecutively oper-
ated on between June 1994 and January 2017 in the Department of Cardiac
and Thoracic Vascular Surgery of the University Medical Center
Schleswig-Holstein, Campus Liibeck (Liibeck, Germany) and were
included in the study. Thirty-three patients who received surgery with the
root inclusion technique were included in the study group because there
was no difference between the root inclusion technique and the subcoro-
nary technique in former studies.®'*'> The indication for the aortic valve
operation and reoperation was in accordance with the American Heart
Association/American College of Cardiology guidelines.'® These Ross pa-
tients constitute a selected patient group because patients with significantly
reduced left ventricular function, coronary artery disease in more than 1
vessel, connective tissue disorders and active rheumatic disease, severe
deformation of the aortic root, and pulmonary valve abnormalities or un-
controlled hypertension were exclusion criteria for the Ross procedure.
Four hundred eighty-four patients with bicuspid aortic valve (BAV) of
the different types'’ were included. The postoperative medication con-
sisted of clopidogrel 75 mg/d for 3 months and ibuprofen 400 mg/d for
5 weeks and lifelong blood pressure regulation.

Surgical Technique

The surgical technique (Video 1) has been described in detail previ-
ously."® In brief: standard cardiopulmonary bypass and moderate systemic
hypothermia of 28°C was performed. After crystalloid cardioplegia in the
first years, blood cardioplegia at 20-minute intervals has been used in the

VIDEO 1. The subcoronary Ross procedure. Video available at: http:/
www.jtcvsonline.org/article/S0022-5223(18)30726-8/fulltext.

past 15 years. The proximal autograft anastomosis was performed using
a single suture technique (4/0 multifilament suture). The sinus suture was
performed continuously with 5/0 prolene and additionally 5/0 prolene
U-stitch was used to fix the commissures to the aortic wall of the patient.
The sinus wall directed to the noncoronary sinus of the patient was left
in toto. In BAV type 1 and 2 the autograft implantation technique was
similar to that for the tricuspid valves, because in those BAV types there
are 3 sinuses and 3 commissures.'’ The geometry of the autograft, which
was in these cases often somewhat asymmetrical was adapted to the aortic
root anatomy, meaning that the largest sinus of the autograft was placed in
the largest sinus of the aortic root mostly the noncoronary artery. In type
0 BAV, a new commissure for the autograft was created between the
180° coronary orifices, normally on the left lateral aortic root aspect and
the other commissures of the autograft were fixed on the right site of the
root and coronary ostia so that the autograft geometry was preserved as
much as possible. The homograft was implanted distally and proximally
with 5/0 prolene continuously. The ascending aorta was replaced or
reduced in sized by aortoplasty as described recently.'”’

Follow-up

The study was approved by the local ethics committee (Clinical Trials
ID: NCT00708409). Follow-up was performed on an annual basis using
standard echocardiography and clinical evaluation.***?' The median
follow-up time was 12.5 years (95% confidence interval [CI],
11.9-13.1 years, range 0-22.3 years, 7404 patient-years, follow-up
completeness, 99.4%). Patient demographic characteristics and
preoperative and operative data are shown in Table 1 and Table E1. A total
of 7201 clinical follow-up visits were performed, 6668 of these included
echocardiographic examination. The completeness of echocardiographic
follow-up is depicted in Table E2.

Valve Performance Classification

The VPC is shown in Table 2. Current echocardiographic recommenda-
tions were used for the grading of valve stenosis’ and regurgitation
severity.! Furthermore, the presence of symptoms was included. In an
individual patient the worst single hemodynamic parameter regardless of
whether it was related to homograft or autograft determined the VPC.

80 The Journal of Thoracic and Cardiovascular Surgery * July 2018


http://www.jtcvsonline.org/article/S0022-5223(18)30726-8/fulltext
http://www.jtcvsonline.org/article/S0022-5223(18)30726-8/fulltext

Sievers et al

Adult: Aortic Valve

TABLE 1. Patient demographic and preoperative data

Value
Subcoronary patients 630 (100)
Gender
Male 472 (74.9)
Female 158 (25.1)
Age,y 447 £ 11.9
Age group, y
<20 20 (3.2)
20 to 40 188 (29.8)
40 to 60 372 (59.0)
>60 50 (7.9)
NYHA
Class I 182 (28.9)
Class II 337 (53.5)
Class IIT 108 (17.1)
Class IV 3(0.5)
Ejection fraction, %
>50 575 (91.3)
30 to 50 54 (8.6)
<30 1(0.2)
Diabetes mellitus 29 (4.6)
Hypertension 203 (32.2)
Impaired renal function 34 (54)
Rhythm
Sinus 622 (98.7)
Atrial fibrillation 7 (1.1)
Pacemaker 1(0.2)
Aortic valve hemodynamics
Pure regurgitation 154 (24.4)
Pure stenosis or combined lesion 475 (75.4)
Aortic valve morphology
Tricuspid 132 (21.2)
Bicuspid 484 (77.7)
Type O 22 (5.4)
Type 1 259 (63.2)
Type 2 129 (31.5)
Unknown 74
Other 7(1.1)
Unknown 7
Etiology
Congenital 466 (74.0)
Degenerative 288 (45.7)
Myxomatous 76 (12.1)
Rheumatic 6 (1.0)
Active endocarditis 26 (4.1)
Past endocarditis 120 (19.0)
Annulus diameter, mm 253 +43
Sinus diameter, mm 334 +52
Sinotubular junction diameter, mm 29.6 £5.6
Ascending aorta diameter, mm 39.1 £7.6

Data are presented as n (%) or mean = SD. NYHA, New York Heart Association.

The clinical relevance or management was adapted from the 2017
European Society of Cardiology and European Association for
Cardio-Thoracic Surgery guidelines for the management of valvular heart
disease.’

Statistical Analysis

The data were expressed as absolute and relative frequencies in nominal
and ordinal data and as mean £ SD in continuous data. Median follow-up
time was calculated using the reverse Kaplan—-Meier approach and the
follow-up completeness using the method of Clark and colleagues.”” The
probability of survival and freedom from reoperation were calculated
using the Kaplan—-Meier method. The long-term survival was compared
with age- and gender-matched German general population data
(German Life Tables; available at: http://www.destatis.de). The instanta-
neous risk for reoperation was calculated for autograft, homograft, and
autograft + homograft. The longitudinal evaluation of echocardiographic
and VPC data was performed using multivariate mixed-model regression
for continuous data and extensions of mixed-models for ordinal data
allowing for random patient intercept and slope. These analyses consider
only patients who were alive and were not adjusted for the competing
risk of death. To identify the predictive variables for time to event outcomes
we performed univariate analyses using the Cox proportional hazard
regression model. Multivariate Cox proportional hazard models were
used to confirm whether significant (P <.10) univariate predictors persisted
in the presence of other preoperative variables. The following factors were
analyzed as potential risk factors for autograft or homograft reoperation:
age, year of surgery, gender, presence of comorbidities (eg, diabetes,
hypertension, renal failure, coronary artery disease, pulmonary disease,
peripheral vascular disease), previous cardiac surgery, preoperative
hemodynamics, aortic valve and root morphology (annulus diameter,
preoperative aortic regurgitation, annulus reinforcement, sinotubular junc-
tion reinforcement, BAV type) year of surgery, as well as homograft donor
parameters (eg, diameter, donor recipient age, and blood group mismatch).

A P value < .05 was considered significant. All data were analyzed with
the use of R (R Core Team, 2017. R: A language and environment for
statistical computing, R Foundation for Statistical Computing, Vienna,
Austria; https://www.R-project.org).

RESULTS
Survival

At 30 days, all-cause mortality was 0.3% (n = 2).
Long-term survival rate at 5, 10, 15, and 20 years
after the surgery was 97.8% (95% CI, 96.6%-99.0%),
95.1% (95% CI, 93.3%-96.9%), 86.8% (95% CI,
83.3%-90.5%), and 73.1% (95% CI, 65.4%-81.6%) and
not different from the age- and gender-matched general
German population (Figure 1). The freedom from cardiac
death was 99.3% (95% CI, 98.7%-100%), 98.1% (95%
CI, 97.0%-99.3%), 94.8% (95% CI, 92.5%-97.2%), and
86.4% (95% CI, 79.1%-94.3%) at 5, 10, 15, and 20 years,
respectively. There was 1 cardiac death 11 days after
autograft reoperation due to endocarditis and 1 patient
died during transcatheter homograft replacement due to
major bleeding.

Reoperation
Freedom from reoperation and instantaneous risk for
reoperation are depicted in Figures 2 and 3.
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TABLE 2. Valve performance classification

Hemodynamic parameters

Valve-related

Class Stenosis Regurgitation™ symptoms Management |
I (normal/near normal) MG: <10 None, trace None Reevaluation on the discretion of the physician, preferable
PV: <25 yearly
IT (mild dysfunction) MG: 10 to 19 Mild (grade I) None Clinical and echocardiography exam yearly
PV: 2.6 to 2.9
AVA: >1.5
III (moderate dysfunction) MG: 20 to 40 Moderate (grade II) None Close follow-up. Consider reoperation in case of CABG, aortic
PV:3.0t0 4.0 or other cardiac valve surgery (Ila)
AVA: 1.0to 1.5
Symptoms Consider reoperation in patients with low flow-low gradient (Ia)
IV (severe dysfunction) MG: >40 Severe None Consider reoperation
PV: >4.0 (grade III, IV) e For AS:
AVA: <1.0 o EF <50% (I)
o Abnormal exercise test (symptoms [I], increase of mean 4
P > 20 mm Hg [IIb], decrease in blood pressure [Ila])
o Excessive LV hypertrophy in absence of hypertension
(IIb)
o Undergoing CABG, aortic, or other cardiac valve surgery
@
© Normal EF but peak transvalvular velocity >5.5 m/s (Ila)
or severe calcification and increase of velocity >0.3 m/s
per year (Ila)
e For PS:
o Reduced RVEF or RV dilatation or RV failure
e For AR:
o EF <50%
o EF >50% and LVEDD > 70 mm, LVESD >50 mm
e For PR:
o reduced RVEF or RV dilatation or RV failure
Symptoms Consider reoperation

V (reoperation) Status after reoperation

MG, Mean gradient (mm Hg); PV, peak velocity (m/s); AVA, aortic valve area (cm?); CABG, coronary artery bypass grafting; AS, aortic stenosis; EF, ejection fraction; LV, left
ventricular; PS, pulmonary stenosis; RVEF, right ventricular ejection fraction; RV, right ventricle; AR, aortic regurgitation; LVEDD, left ventricular end-diastolic diameter;
LVESD, left ventricular end-systolic diameter; PR, pulmonary regurgitation. *Parameters for grading see Lancellotti et al.' fAdvice for management according to 2017 ESC/

EACTS guidelines for the management of valvular heart disease.”

At 5, 10, 15, and 20 years after the operation freedom
from autograft and/or homograft reoperation was
97.4% (95% CI, 96.1%-98.6%), 93.7% (95% CI,
91.6%-95.8%), 90.2% (95% CI, 87.2%-93.3%), and
859% (95% CI, 80.2%-92.0%; Figure 2). The
freedom from autograft reoperation was 98.5% (95% CI,
97.6%-99.5%), 96.4% (95% CI, 94.9%-98.0%),
94.3% (95% CI, 92.0%-96.6%), and 89.8% (95% CI,
84.3%-95.7%), and the freedom from homograft
reoperation was 98.3% (95% CI, 97.3%-99.4%), 96.5%
95% CI, 95.0%-98.1%), 93.7% (95% CI, 91.2%-
96.3%), and 91.0% (95% CI, 86.3%-96.0%) at 5, 10,
15, and 20 years, respectively (Figure 3). The 28 autograft
reoperations were due to endocarditis in 9 patients and
regurgitation in 19 patients whereas the 29 homograft reop-
erations were due to endocarditis in 13 patients, stenosis in
10, regurgitation in 5, and combined lesion in 1 patient. Ten

patients needed reoperation on autograft as well as
homograft.

There was no significant difference in time to autograft
reoperation between tricuspid and bicuspid valves
(P = .119). There was no root dilatation mandating a
reoperation. Five patients received a transcatheter
pulmonary valve intervention. None of the potential risk
factors for autograft reoperation (annulus diameter,
preoperative aortic regurgitation, annulus reinforcement,
sinotubular junction reinforcement, BAV type) and for
homograft reoperation (age, blood type mismatch) achieved
statistical significance.

Function of “Ross Valves”

Figure 4 shows autograft function over time with a slight
increase of aortic regurgitation grade I and a decrease in the
group “less than grade I” in the second decade. The
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FIGURE 1. Late survival curve of the subcoronary Ross population and

the age- and gender-matched general population. Only patients with
follow-up >30 days were included.

homograft regurgitation grade I increased and “less than
grade I”” decreased over time and a slight increase in mean
pressure gradient across the right ventricular outflow tract
could be observed (Figure 4). Patients with preoperative
pure aortic regurgitation tended to develop more aortic
regurgitation over time compared with patients with
preoperative aortic stenosis (Figure E1). The BAV type'’
had no influence on developing aortic regurgitation over time.

Morbidity

At the time point of 15 years the freedom from stroke and
noncerebral embolic event were 98.3% (95% CI,
97.1%-99.5%) and 99.6% (95% CI, 99.0%-100%),
respectively. The 15-year freedom from autograft and
homograft endocarditis was 93.8% (95% CI, 91.4%-
96.3%). Eleven of the 30 endocarditis patients were

successfully treated conservatively and 19 needed
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FIGURE 2. Freedom from reoperation and instantaneous risk for reoper-
ation.

reoperation. At 15 years the freedom from new-onset of
atrial fibrillation was 87.3% (95% CI, 84.0%-90.8%)
and the freedom from major bleeding events was 97.8%
(95% CI, 96.5%-99.1%), whereas 5 of the 14 bleeding
events occurred in patients receiving coumarin therapy.

Valve Performance Classification

Figure 5 shows the probability of VPCs with time,
showing a constant decrease of VPC I, an increase of
VPC 1II until 15 years, and an increase of VPC III in the
second decade with a probability at 20 years of being in
group I to IV of 5%, 74%, 19%, and 1%, respectively.

DISCUSSION

The survival after the subcoronary Ross procedure seems
to be comparable with the normal life expectancy of the
general population continuing the excellent results pub-
lished previously for the first decade'® and confirming the
results of other groups.””"'"**° The original subcoronary
Ross technique has the advantage of warranting a natural
external reinforcement of the pulmonary autograft
protecting against later dilatation and preserving almost
normal root dynamics in contrast to the widely used
freestanding root technique.””” Whether this or other
preservation of near normal root dimensions and
dynamics using root reinforcement adds to the excellent
survival remains speculative and needs further evaluation.*®

Furthermore, it must be taken into consideration that
these are selected patients. Most of them had normal ejec-
tion fraction as a surrogate for normal left ventricular func-
tion before the procedure. Nevertheless, these patients had
for several years the burden of hemodynamic compromise,
which could have had also some adverse myocardial
sequelae leading to some kind of cardiac dysfunction.
Maybe after longer follow-up times less favorable survival
will surface, which needs to be evaluated. Figure 1 shows
that after 15 years the probability of survival starts to
decline more in the Ross patients compared with normal,
which was also observed in a recently published 25-year
longitudinal study.'” However, the close follow-up could
also have had a significant influence on the favorable sur-
vival outcome because conservative treatment support and
surgical intervention were performed without delay.

The freedom from reoperation after the Ross procedure
seems to be more steady even after 10 years in contrast to
patients with a bioprosthesis with the rate of reoperation
accelerating after 9 to 10 years.”® The linearized occurrence
rate was 0.6% per patient-year. Interestingly, 19 patients
needed a reoperation not from hemodynamic consideration
but because of endocarditis. The risk of reoperation due to
endocarditis was 0.26% per patient-year, therefore, we
advise our patients to be careful to apply endocarditis pro-
phylaxis more liberally than advocated by the recent guide-
lines, especially in case of depressed immunological
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FIGURE 3. Left: freedom from autograft (AG) reoperation and instantaneous risk for AG reoperation. Right: freedom from homograft (HG) reoperation

and instantaneous risk for HG reoperation.

resistance. Five patients underwent transcatheter interven-
tion of a dysfunctional pulmonary homograft. One of these
patients died during the procedure. Especially the risk for
occluding nearby coronary arteries must be considered
before the intervention. Nevertheless the reoperation rate
can probably be reduced if this technique is applied more
liberally as an alternative surgery. A recent study showed
comparable midterm outcome after transcatheter and surgi-
cal homograft replacement.”” Longer follow-up time is also
needed to evaluate whether the risk of reoperation increases
in the third decade after the procedure. Especially in pa-
tients with previous aortic regurgitation in contrast to those
with aortic stenosis we found an increase of autograft regur-
gitation over time (Figure E1), indicating that these patients
might be at higher risk for reoperation. Also there was a
slight decline of homograft sufficiency over time, poten-
tially increasing the risk of more reoperations in the third
decade, whereas the transhomograft pressure gradient
increased only slightly without -clinical significance
(Figure 4). Probably, newer techniques of homograft preser-
vation like decellularization could improve the results.’
Other not yet significant risk factors for reoperation like
annulus diameter, reinforcement techniques, and bicuspid
valve type might surface as significant contributors for re-
operation. We lost 1 patient during surgical reoperation
(2.2% hospital mortality), showing that this procedure
can also be performed with low risk to the patients. The
recently published “Ross reversal” offers an interesting
new technique to preserve the autograft by re-
translocating it into the pulmonary position if it failed in

; 3
systemic pressure.”’

Why Introducing a Valve Performance
Classification?

With the increasing number of different valve substitutes
there is a growing need for a more detailed description of
the time-dependent change of postoperative valve perfor-
mance other than reporting the incidence of reoperation

84

alone. To better define ‘“‘valve performance’ we combined
hemodynamics (from normal function over different de-
grees of dysfunction to reoperation) with symptoms and
the clinical relevance or management in a practical classifi-
cation system—VPC—including the mostly used echocar-
diographic items for longitudinal valve assessment and
recent guidelines for management of valve disease.” This
practical and lucid VPC might help to facilitate clinical
communication and comparison of different substitutes.

The long-term VPC showed that after 20 years the prob-
ability of being in VPC 1 is 5% and in VPC II 74%, which
means an unrestricted lifestyle. There is a probability of
19% after 20 years of being in VPC III, which means that
there is a valve dysfunction needing close follow-up and
probably in the next years a reoperation if the dysfunction
or clinical deterioration accelerates or if other cardiac pro-
cedures are necessary. Together there is a reasonable
perspective for a favorable VPC also for the third decade af-
ter the procedure in most patients, which is already begin-
ning to become evident as reported by Mazine and
colleagues.'' They showed excellent results even at 25 years
after the Ross operation. Nevertheless these results also
show that there is some increase in valve dysfunction over
time albeit not clinically significant, underscoring the ne-
cessity of lifelong surveillance. The presented VPC system
might become an important part of a possible future ““valve
outcome score’’ consisting of survival, VPC, and adverse
events serving for an even more refined comparison of
different valve substitutes in an effort to achieve valve per-
formance as close to normal as possible, the ultimate goal of
surgery.

CONCLUSIONS

We found that up to 22 years the subcoronary Ross pro-
cedure provides excellent results with near normal survival,
a constant risk of reoperation of 0.6% per patient-year, and
most patients in VPC I and II. BAV and preoperative aortic
regurgitation did not increase the risk of reoperation.
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Preoperative aortic stenosis showed better valve function in
the long term. The suggested VPC emerged as a practical
concept for outcome analysis with the probability of 79%
being in the favorable class I or II at 20 years.

Limitation

This study has all of the shortcomings of an observa-
tional, nonrandomized investigation. However, we gathered
the clinical and echocardiographic data on a prospective
routine follow-up basis with almost complete follow-up in
all patients. Furthermore, these patients represent a selected
group, thus the comparability with other valve substitutes
should be restricted to this issue.

The VPC does not include valve-related death, because it
is very difficult without autopsy to know whether a death is
really valve-related or from other causes, and furthermore,
autopsies are rare. The same holds true for valve-related
events, such as stroke and bleeding. There is a natural inci-
dence of stroke related to nonvalvular embolism in the older
population, which might compete with the risk of pure
valve-related stroke.

In addition, the different causes of valve dysfunction such
as structural and nonstructural dysfunction or endocarditis
and thrombosis were not included in our VPC to keep it
practical and lucid and because most of these items will
result more or less in hemodynamic echocardiographic
sequelae, which finally determine the VPC. Probably in
the future these items could be included in a more sophisti-
cated ““valve outcome score” to have even more fine-tuned
data as the basis for benchmark comparison of different
valve substitutes after the ideal maxim of treatment, that
is the individual approach to aortic valve disease.
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FIGURE El. Probability of developing aortic regurgitation (AR) over
time in patients with preoperative pure AR and aortic stenosis (AS) consid-

ering patients who are alive.
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TABLE E1. Operative details (N = 630)

Value

Bypass time, minutes 2194 £ 329
Cross clamp time, minutes 182.0 + 30.3
Annulus reinforcement 85 (13.5)
Sinotubular junction reinforcement 79 (12.5)
Pulmonary homograft

Donor age, y 47.6 £ 10.6

Blood type mismatch 336 (82.8)

Unknown 224

TABLE E2. Biennially completeness of echocardiographic follow-up

Completeness of

Number of patients with echocardiographic follow-
Postoperative year Patients at risk, n echocardiography up, %
0to?2 630 443 70.3
2to4 605 489 80.8
4t06 571 496 86.9
6to8 533 507 95.1
8to 10 495 473 95.6
10 to 12 411 385 93.7
12 to 14 316 293 92.7
14 to 16 220 206 93.6
16 to 18 138 127 92.0
18 to 20 71 64 90.1
20 to 22 32 28 87.5
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