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Abstract

Background: Aim of this study was to evaluate by
transthoracic echo the hemodynamic behaviour and
the changes in dimensional data of a stentless aortic
bioprosthesis between rest and exercise conditions.

Methods: 254 patients affected by stenosis or steno-
insufficiency of the aortic valve received a Sorin Pericarbon
Freedom (SPF) aortic bioprosthesis at our institution
between 2003 and 2010. Out of the entire cohort, 184
patients, alive and capable of sustaining an exercise test
7 years after surgery, were selected and enrolled in the

Conclusions: Use of exercise echocardiography to assess
changes in hemodynamics and function of aortic biopros-
theses can be helpful in the choice of appropriate aortic
valve substitutes. SPF pericardial stentless valve presents
favourable and durable hemodynamic characteristics at rest
and on exercise, similar to native aortic valve. This prosthe-
sis maybe suitable for patients with small aortic annulus and
large BSA to avoid mismatch.
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study (mean age: 69.7 = 10.9 years, 51.6% male, mean
EF: 53.0 + 7.1). All patients were evaluated by transthoracic
echocardiography in order to assess hemodynamics at
the time of hospital discharge and after 7 years. Follow-
up control consisted of clinical examination and rest and
exercise echocardiographic evaluation using a semi-
supine bicycle with a workload of 25W every two minutes,
increasing up to 100W.

Introduction

Echocardiography is the method of choice for eval-
uating prosthetic valve function. In almost all the stud-
ies reporting early and long-term results after aortic
valve replacement with a biological substitute, conclu-
sions regarding valve performances are mainly based
on echocardiographic examination at rest. Anyway, is
well known that normally and abnormally functioning
prostheses can give similar gradients at rest evaluation.
Therefore echocardiographic examination after exer-
cise can be very helpful in assessing changes in valve
hemodynamics, ventricular function and clinical status
under stress conditions.

Results: Comparing rest to exercise, mean gradient
increased from 7.8 + 3.3 mmHg to 11.6 + 4.0 mmHg (p <
0.05) and peak gradient from 14.9 + 5.2 mmHg to 21.6 £
6.5 mmHg (p < 0.05) at maximum stress, without significant
differences between valve sizes. Concurrently EOA and
EOAI raised from 1.86 + 0.69 cm? to 1.96 + 0.71 cm? (p
< 0.0001), and from 1.05 + 0.37 cm? to 1.10 + 0.38 cm?
(p < 0.0001) respectively, without significant differences
between the implanted valve sizes. Intraaortic regurgitation
was absent or trivial in 98% of patients, and did not change

with exercise. Most prosthetic aortic valves are inherently stenot-
ic, and particularly for small sizes, a moderate or severe

patient-prosthetic mismatch (PPM) may be occasional-
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ly present, particularly in patients with large body size.
PPM is a frequent cause of increased transprosthetic
gradients and leads to poor results after aortic valve
replacement. Impaired exercise capacity, incomplete
or limited regression of left ventricular hypertrophy,
pulmonary hypertension and increased cardiac events
and mortality are the results of severe PPM after pros-
thetic aortic replacement. The presence of same degree
of PPM should always be suspected in patients whose
symptomatic status is discordant with valve function
evaluated at rest. Stentless aortic valves have shown
in most experiences excellent hemodynamic behavior,
with performances similar to native valve. In this study
we aimed to observe the hemodynamic and dimension-
al data changes of SPF stentless prosthesis occurring be-
tween rest and stress conditions.

Methods

This study concerns a cohort of 184 patients out of
254, affected by aortic valve stenosis or mixed lesion,
who received a SPF at our institution between 2003 and

Table 1: Demographic and clinical characteristics of patients
(n=184).

2010. Mean pre-operative gradient was > 40 mmHg
and EOA < 0.9 cm? in all cases of aortic stenosis. The
retrospective-design study inclusion criteria were the
alive status and the capability to undergo an exercise
test at 7 years follow-up control. Hesperia Hospital
Institutional Review Board and Scientific Committee
approved this study, and individual consent for inclusion
in the study was obtained by all patients.

The age of patients ranged between 17 and 84
years (mean age 69.7 = 10.9). 44% of patients were
younger than 60 years, 51.6% were male. Mean Logistic
Euroscore was 7.73 + 7.09. 33% of patients were in
NYHA (New York Class Association) class Il or IV before
surgery. Etiology was degenerative or rheumatic in 96%
of cases. Mean LVEF (Left Ventricular Ejection Fraction)
was 53.0 £ 7.1% (range 20.0%-65.0%). Demographic and
clinical characteristics of patients are listed in Table 1.

SPF is a pure stentless valve made by two sheets of
bovine pericardium. It is a user-friendly device, with
the possibility of trimming the inflow and outflow
pericardium according to the anatomy of the patient.
In all cases the operation was conducted by the same

N % Mean % Std. Range surgeon using cardiopulmonary bypass, aortic cross-
Dev clamping and cold crystalloid myocardial protection.
Total 184 73.3 -
Age [years] 184 69.7 +10.9 17-85 . o .
<50 12 65 409+95 Table 2: Surgical characteristics of patients (n = 184).
50-59 15 8.3 56.4+3.0 N % Mean % Std. Range
60-69 54 29.3 66.2+2.8 Dev
70-79 77 418 750%27 Total 184 73.3 -
>80 26 141 822+16 Emergency
Gender Urgent 1 05 -
Male 95 516 - Elective 183 99.5 -
Female 89 484 - Redo 8 44 -
BSA [m2] 184 178 £+0.20 1.29-2.26 Valve size implanted
Euroscore n19 3 16 -
Linear 184 6.39+255 1.00-14.00 N2 17 92 -
Logistic 184 773+7.09 1234317 n23 45 245 -
Preoperative NYHA class n25 41223 -
n 57 1310 - _ Associated surgical
Y, 3 16 - } procedures?
Aortic valve pathology CABG . 49 1266 |-
Stenosis 97 527 - : Ascending aorta vasc. 10 |54 |-
: rosthesis

Insufficiency 42 228 | - - i/litral vallve 24 130 -
2:?:‘0"”3“ﬁ'°'e“°y 45 245 |- - ECC time [min] 184 120.2 + 23.8 80-202
D:;Zg;’r:tive 15628 Patients with concomitant 76 41.3 138.3 + 20.8 101-202

i ~ - procedures
Rheumatic 61 332 - - Patients without 108 58.7 107.5+ 16.4 80-167
ABE 10 54 - N concomitant procedures
Native 5 27 - - Aortic cross-clamp time 184 89.3+16.4 61-158
Prosthesis 5 27 - - [min]
Peri-aortic abscess 5 27 - - Patients with concomitant 76 41.3 91.2+18.7 61-158
EF ejection fraction 184 53.0+7.1 20.0-65.0 procedures
IVS Thickness 184 142+ 3.1 8.0-29.0 Patients without 108 58.7 88.0+14.4 62-146
ABE: Acute bacterial endocarditis; BSA: Body surface area; concomitant procedures

EF: Ejection fraction; IVS: Interventricular septum; NYHA: New
York Heart Association.
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In 8 cases the patients had undergone a previous
cardiac operation. Associated surgical procedure were
carried out in 45% of cases. The valve implanted were
in 65% of patients of size greater than 25. Only 10.8% of
patients received an implant 21 (9.2%) or 19 (1.6%). Sur-
gical characteristics of patients are illustrated in Table 2.

For patients evaluation we preferred a symptom-
limited exercise test because is closed to physiology
if compared to dobutamine-stress test and may be
performed in safe conditions.

A semi-supine exercise bicycle was chosen, due
to the reduced risk of haemodynamic collapse of the
patient in this position. Besides, the exercise in semi-
supine position allows a continuous echocardiographic
examination. All evaluations were conducted in the
hospital echo-lab, appropriately equipped in order to
treat possible complications. The workload started
at 25W, and increased by 25W every 2 minutes up to
a maximum of 100W. Measurements were obtained
by echo during the last two minutes of final step of
workload. The test was interrupted earlier in case of
onset of symptoms. Blood pressure was measured non-
invasively at the basal level and at each workload step.
ECG and heart rate were observed in a continuous way
by means of a 6 leads monitor. The test were conducted
in a controlled environment, in order to treat potential
major complications.

All examinations were carried out by a single
cardiologist, using the same equipment (Philips
HD11XE), in order to avoid possible biases in the
analysis. The site of optimal probe position on the chest
was marked before the test, in order to obtain the best
Doppler waveform.

Mean transprosthetic gradient and peak transpros-
thetic gradient were measured at rest and at maximum
exercise using the modified Bernoulli equation, taking
care to obtain the highest possible velocity by variation
of the acoustic window and transducer orientation.

Effective orifice area and indexed effective orifice
area were calculated using the AVA-Continuity Equation
using VTI at rest and at maximum exercise.

Variations of intra-valvular or peri-valvular regurgi-
tation under exercise were quantified by color-doppler
echocardiography.

Analysis of left ventricular function, EF and change
of interventricular septum thickness between hospital
discharge and at 7 years follow-up were assessed in the
short axis of a parasternal view.

The statistical analysis was performed using SPSS
(Release 20 IBM Corporation, Armonk, New York, USA)
and MedCalc 14.8 (MedCalc Software bvba, Ostend,
Belgium).

Peak Aortic Gradient at Rest and Stress-test
by size

10.0 11.2

19mm 21mm 23mm 25mm 27mm 29mm
Valve size

«@=Rest --suess]

Figure 1: Change of Peak and Mean Transvalvular Gradient After Maximum Stress by Valve Implant Size.

Mean Aortic Gradient at Rest and Stress-test
by size
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Table 3: Summary of echocardiographic data of patients (n = 184).

Rest Stress p-value
N Mean £ SD N Mean % SD
Mean transvalvular gradient [mmHg] 184 7.8+3.3 184 11.6+4.0 < 0.0001
Peak transvalvular gradient [mmHg] 184 149+5.2 184 216+6.5 < 0.0001
EOA [cm?] 184 1.86 + 0.69 184 1.96 + 0.71 < 0.0001
EOA index [cm?/m?] 184 1.05+0.37 184 1.10 £ 0.38 < 0.0001
EF change 184 57% = 7% 184 59% + 7.5% 0.0230
N % N %
Intra-aortic regurgitation 184 184
0 164 89.1 161 87.5
1 19 10.3 21 11.4
2 1 0.6 2 1.1

EF: Ejection fraction; EOA: Effective orifice area.

Stefanelli et al. Int J Clin Cardiol 2018, 5:132

e Page 3 0f 8 o



https://doi.org/10.23937/2378-2951/1410132

DOI: 10.23937/2378-2951/1410132

ISSN: 2378-2951

Data collection was carried out on institutional
database registry at time of discharge and reported on
Microsoft Excel 2015 datasheets at the time of Echo
Stress Control.

All variables specified that described demographic
and other characteristics were summarized by means of
descriptive statistics, absolute number and percentage
was used for discrete variables while mean and stand-
ard deviation, as well as range, was used for continuous
variables. Two tailed eteroschedastic T test for paired
variables was used to verify differences in term of gra-
dients, EOA and EOAI, either overall and with valve size
stratification. Scatter plots with interpolation line by
logarithmic function was used to graphically describe
the findings. A significance level of 0.05 was used as
threshold.

Results

All patients were in NYHA Class | or |l at the time of
exercise test echocardiographic evaluation. Compared
to hospital discharge, Ejection fraction at 7 years follow-
up increased from 53.52% + 6.9% to 57.02% * 7.2%.
Thickness of interventricular septum decreased from
14.04 £ 2.99 mm to 13.13 = 1.65 mm (p: 0.00001). The
exercise test was completed by all the patients included
in the study. The continuous ECG monitoring did not
show any sign of threatening arrhythmias or significant
ST changes.

At 7 years follow-up Mean transvalvular gradient
increased from 7.8 + 3.3 mmHg measured at rest to
11.6 + 4.0 mmHg after maximum exercise for the entire

cohort, giving a A difference of 3.81 + 1.946 mmHg (2
mmHg-18 mmHg). Peak gradient increased 14.9 + 5.2
mmHg to 21.6 £ 6.5 mmHg at maximum exercise, giving
a A difference of 6.71 £2.72 mmHg (0 mmHg-17 mmHg).
Mean and Peak gradient did not show significant
difference as regard to the implanted valve size (Figure
1). Summary of Echocardiographic data before and after
Exercise Test are reported in Table 3 and Table 4.

Intra-prosthetic regurgitation did not change signif-
icantly after maximum exercise. It was absent or trivial
in the majority of patients. Only one patient developed
a mild-to moderate incompetence, may be related to an
enlargement of the aortic root with pressure increase at
maximum exercise. Summary of intra-prosthetic regur-
gitation data is illustrated in Table 3.

Unlike gradients, EOA (Effective Orifice Area)
provides an accurate assessment of severity of the
stenosis independent of flow in most hemodynamic
conditions. Interestingly EOA and Effective Orifice Area
Index (EOAI) increased with exercise. EOA increased
from 1.86 + 0.69 cm? before exercise to 1.96 + 0.71 to
maximum stress (p < 0.0001). EOAi increased from 1.05
+0.37 cm?to 1.10 + 0.38 cm? (p < 0.0001). This may be
related to the capability of this prosthesis to adapt to
different conditions of cardiac output. Variations in EOA
and EOA index after exercise were similar for different
implanted valve sizes (Figure 2).

Figure 3 shows the mean transprosthetic gradients
at rest and during physical exercise as a function of the
indexed effective orifice area (EOAI), demonstrating

Table 4: Summary of echocardiographic data of patients according to valve size (n = 184).

Parameter Valve size Rest ST P-value
N Mean + SD Mean * SD 0.0310
Peak transvalvular gradient [mmHg] 19 mm 3 21.3+£6.0 28.0+8.0 < 0.0001
21 mm 17 15.8 +3.8 246+3.3 < 0.0001
23 mm 45 171135 23.9+51 < 0.0001
25 mm 41 15.8+5.3 226+6.6 < 0.0001
27 mm 37 145+7.0 21.0+84 < 0.0001
29 mm 41 11.2+28 17.0+3.8 0.0351
Mean transvalvular gradient [mmHg] 19 mm 3 120+ 3.6 15.0+4.6 < 0.0001
21 mm 17 8.5+3.0 134124 < 0.0001
23 mm 45 8.6 +2.1 129+3.2 < 0.0001
25 mm 41 89+3.6 124 +46 < 0.0001
27 mm 37 7.6+4.0 10.8+4.7 < 0.0001
29 mm 41 53+1.6 9.0+22 -
Effective orifice area [cm?] 19 mm 3 0.93 £ 0.06 0.93 £ 0.06 0.0800
21 mm 17 1.25+0.17 1.27 £0.19 0.0015
23 mm 45 1.44 £ 0.41 1.53 £ 0.46 < 0.0001
25 mm 41 1.83 £ 0.67 1.94+£0.72 0.0008
27 mm 37 1.97 £ 0.65 211 +0.63 0.0002
29 mm 41 2.58 £0.39 2.68 £0.39 -
Effective orifice area index [cm?/m?] 19 mm 3 0.64 £ 0.09 0.64 + 0.09 0.0816
21 mm 17 0.79+0.14 0.80+0.16 0.0030
23 mm 45 0.87 £ 0.29 0.92£0.32 < 0.0001
25 mm 41 1.06 + 0.40 1.13+0.43 0.0014
27 mm 37 1.06 £ 0.35 1.14 £ 0.34 0.0003
29 mm 41 1.35+0.26 1.40+£0.26 0.0003
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EOA at Rest and Stress-test by size
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Figure 2: Change of EOA and EOAI After Maximum Stress by Valve Implant Size.

EOA index at Rest and Stress-test by size
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Figure 3: Mean transprosthetic gradients at rest and during physical exercise as a function of the indexed effective orifice area

(EOAI).
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a fairly linear and low increase in gradient, even at
maximum stress.

Discussion

Doppler Echocardiography is the standardized
method of choice for evaluating biological prosthetic
aortic valve function [1-3]. It is accurate, non invasive
and widely available However, assessment of valve
hemodynamic behavior is usually conducted under
static conditions. and the subsequent management
of possible related abnormalities in valve function
and clinical status of the patient relies upon resting
evaluation only. Particularly, variations in loading
conditions and left ventricular function during a normal
patient’s activity may lead to significant changes in
the severity of lesions. In this setting a more accurate
appraisal of valve function can be achieved by an
echocardiographic evaluation at rest and under stress
conditions. Exercise testing and echocardiography along
with dobutamine stress echocardiography are the most
frequently used methods to evaluate aortic prostheses.

Exercise test is certainly more physiologic than a
dobutamine test; since it can unmask any abnormal
exercise capacity and induce symptoms in many
patients with apparently normal exercise tolerance.
Of course testing should be performed in a controlled
environment, in order to treat potential major
complications.

Stefanelli et al. Int J Clin Cardiol 2018, 5:132

We, as recommended by many authors, [4,5]
preferred a supine or semi-supine bicycle exercise,
essentially because Doppler informations can be
obtained at any stage of test, and there is a reduced risk
of haemodynamic deterioration.

Exercise is started with a 25W workload for 2
minutes, increasing by 25W every 2 minutes, up to a
maximum of 100W. Blood pressure, ECG and onset of
symptoms are tracked and recorded at every step of
workload. Echocardiographic examination is carried on
and recorded at rest and at maximum stress, using the
standard parasternal long and short axis view and apical
4 and 2 chamber views. The clinical condition of the
patient is evaluated and reported.

The standard non-invasive method for assessment
of aortic prosthetic function is the evaluation of
transvalvular gradients. Estimate of transvalvular
gradient is based on the Bernoulli Equation, which
defines the relationship between velocity and pressure.
While mean pressure gradient is a reliable measure of
valve hemodynamics, calculation of peak gradient is
usually less precise, being affected by left ventricular
contractility in addition to transvalvular flow. Anyway,
gradients are sensitive to flow, therefore, for a fixed
valve orifice area, gradient increases in a high-flow state
and decreases in a reduced-flow state [6].

Calculation of Effective Orifice Area (EOA) is an
accurate method of assessment of prosthetic valve
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stenosis since is independent of the flow in any
hemodynamic condition. EOA is obtained by Doppler
Echocardiography using the continuity equation, and
reflects the minimal cross-sectional area of the outflow
jet (vena contracta) [7] Valve area must be indexed to
body surface area (BSA), obtaining EOAI. Severe valve
stenosis is present with a EOA index < 0.6 cm?/m? [2,3].
Despite EOA is a valid reflection of valve hemodynamics,
an exception occurs in cases of very low flow, causing an
incomplete valve opening.

Most biological prosthetic aortic valves are
inherently stenotic, since the effective orifice area (EOA)
maybe too small in relation to body size, thus realizing a
condition known as patient-prosthesis mismatch (PPM)
[8,9]. PPM is moderate when the indexed EOA is </ =
0.85 cm?/m?, severe when it is </ = 0.65 cm?/m? [10].
PPM is also responsible for increased transprosthetic
gradients, often leading to incomplete ventricular
mass regression, impaired exercise tolerance, earlier
prosthetic degeneration [11,12] and increased rate
of cardiac events and short and long-term mortality
[13,14], with strong interaction with LV systolic
disfunction resulting from LV hypertrophy.

Because normally and abnormally functioning bi-
ological aortic valve substitutes can give similar gradi-
ents at transthoracic echocardiographic examination at
rest, exercise echocardiographic evaluation may be very
helpful in revealing the presence of significant PPM,
particularly in cases of discordance between the gra-
dient measured at rest and symptomatic status of the
patient [15,16]. This happens more often with smaller
(</ =21 @) aortic biological, mismatched prostheses. An
increase in mean transprosthetic gradient > 20 mmHg
under exercise, generally indicates severe valve disfunc-
tion or Important PPM [17,18] Evaluation of increase in
mean gradient is considered more reliable when com-
pared to peak gradient, since the latter is influenced by
the left ventricular contractility in addition to the influ-
ence of transvalvular flow [19].

Improved hemodynamic performances due to large
implant size, suppression of severe patient-prosthesis
mismatch associated to earlier regression of left ven-
tricular hypertrophy and increased survival, make of
stentless tissue xenografts a reliable solution for aortic
valve replacement [20-23], particularly in younger, ac-
tive population. It has been reported that for a meas-
ured annulus size it is possible to implant a stentless
prosthesis one or two sizes larger than a stented biolog-
ical valve [24]. This has been also our experience. Fries,
et al. evaluated and compared under exercise stentless
and stented aortic valves. They found a behavior simi-
lar to native aortic valve for stentless prostheses, while
transvalvular gradient increased significantly after ex-
ercise in the stented group [25] The Sorin Pericarbon
Freedom (SPF) is a true stentless bioprosthesis, present
on the market since 1991 and made of two layers of
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bovine pericardium without any fabric reinforcement.
The valve is treated with glutaraldehyde, a subsequent
detoxification process with homocysteic is carried out
and finally is stored in a aldehyde-free solution, without
need for rinsing before implantation [26].

To our knowledge, this is the first study reporting
exercise evaluation at intermediate-term follow-up of a
large cohort of patients receiving a pericardial stentless
valve. The study was designed in order to avoid con-
founding factors due to the simple assessment of trans-
valvular gradients. Consequently, an accurate meas-
urement of EOA and EOAI at rest and under exercise
was obtained for the entire cohort. All the Echographic
examinations were performed by the same cardiologist
using the same Echo machine, (Philips HD11XE).

Hemodynamic results of SPF after exercise were
excellent, with an increase of mean transvalvular
pressure of less than 4 mmHg and an increase of peak
gradient of less than 7 mmHg, indicating a prosthetic
behavior similar to a native valve.

EOA and EOAI, a strong indicator of valve function,
increased after maximum exercise by more than 10%,
suggesting a possible valve adaption to increased
cardiac output.

Concerning the long-term results after aortic valve
replacement with SPF bioprosthesis, we have reported
in a recent paper the outcomes 14 years after implant of
SPF on 322 patients operated in a single institution by a
single surgeon between 2003 and 2015 [27]. Overall sur-
vival probability at 14 years was 82.7%. Freedom from
SVD at 14 years was 88.9% for patients > 70 years, 68.2%
in patients younger than 65. Overall freedom from reop-
eration at 14 years was 70.3% for the entire cohort.

Biological valve substitutes are generally unobstruc-
tive to flow at resting conditions, but they can become
stenotic with increased cardiac output. This is particu-
larly true in case of moderate or severe PPM. Residual
aortic stenosis after valve replacement leads to incom-
plete or absent ventricular mass regression, associated
to unfavourable results in terms of early and late mor-
tality and clinical status.

The two main limitations of this analysis are relat-
ed to the retrospective design of the study and to the
absence of a control group. Conversely, all operations
were carried out by a single surgeon in a single institu-
tion, and all patients received a clinical and echocardio-
graphic evaluation by a single cardiologist, thus avoiding
further biases in the analysis.

Exercise echocardiography is growing popularity
as a method of choice for evaluation of hemodynamic
results after aortic biological valve replacement.

Stentless aortic prostheses have proven to have an
hemodynamic behavior similar to native aortic valves
[20,21,23,25], and this was confirmed by our experience,
They may be a valid option in the case of small aortic
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annulus with substantial risk of severe PPM, and in the
young, active population.
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