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Background: Obtaining adequate effective orifice area (EOA) in surgical aortic valve replacement (SAVR)
is important to minimize pressure gradients across the prosthetic aortic valve (AV) and improve clinical
outcomes. However, the predictors of EOA are unclear.
Methods: From July 2011 to March 2016, patients undergoing SAVR who were preoperatively evaluated
using a computed tomography (CT) on the aortic root were enrolled. Indexed EOA (iEOA) was used as an
indicator of prosthetic AV opening area. The aortic root parameters investigated were the annular diameter
(max and min), annular perimeter, annular area, and maximal dimensions of the proximal ascending aorta.
These variables were evaluated as predictors of EOA, and an individual surgeon was incorporated in analysis
for verifying surgeon dependent factors.
Results: Among the 710 patients included in this study [age: 64.9±10.8 years; females: n=285 (40.1%)],
370 (52.1%) were implanted with bio-prosthesis. Mean prosthetic iEOA was 1.1±0.3 cm2/m2. Univariable
linear regression analysis showed that all indexed aortic root parameters (maximal and minimal annular
diameters, annular perimeter, annular area, and sinus dimensions) were significantly associated with iEOA
(P<0.001). Multivariable analysis showed that indexed aortic annular area, indexed maximal diameter of the
Valsalva sinus, female sex, and bio-prosthesis, supra-annular type prosthesis and surgeon were significant and
independent determinants of iEOA (adjusted R2=0.513, P<0.001).
Conclusions: Aortic annular area and Valsalva sinus diameter are independent determinants for iEOA
measured by preoperative CT; surgeon-dependent factors are also significant determinants in SAVR.
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aortic root
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Introduction
Surgical aortic valve replacement (SAVR) still remains the
gold standard therapy to treat patients with severe aortic
valve (AV) dysfunction. Prosthetic AV, however, often have
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small internal orifice area relative to large patient body that
may result in a high residual pressure gradient through
the prosthetic AV, a phenomenon that is well defined as
prosthesis-patient mismatch (PPM) (1-6). A number of
studies have shown that small-sized prostheses can be
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associated with poorer long-term outcomes and survival,
as well as a suboptimal regression of the hypertrophied left
ventricle (LV), and therefore, current practice guidelines
recommend inserting adequately-sized prostheses for SAVR
to prevent PPM (4,6-9).
Determining the optimal size of prosthetic AV, however,
may not solely depend on the given anatomy of the
aortic root, or the surgical condition. Some studies have
shown that implanted prosthetic AV size was smaller
than expected size by preoperative measurement (10,11).
Based on these findings, there may be strong determinant
factors which depend on intraoperative settings in SAVR,
different from given patient-dependent factors. Moreover,
with the advancements of imaging technologies, such as
multi-detector computed tomography (MDCT), detailed
evaluations of aortic root geometry are now easily available;
therefore, the aortic geometric factor can be incorporated to
investigate predictors of prosthetic sizes preoperatively (12).
In this regard, there have been only a few studies that
have provided a comprehensive evaluation of these various
factors: including anatomy, co-morbidity, and surgical
conditions (1,13).
With this perspective, we sought to determine predictive
factors of prosthetic effective orifice area (EOA) in the
setting of SAVR, by analyzing clinical, imaging, and surgical
parameters.
Methods
Patients, data collection and definitions
Using the Institutional Cardiac Surgical Database of
the Asan Medical Center in Seoul, Korea, we identified
1,141 adult patients (≥18 years old) who underwent SAVR
between June 2011 and May 2016. The institutional
protocol recommended preoperative aortic evaluation using
MDCT. Of these patients, we excluded those with active
endocarditis or those who underwent concomitant mitral
valve surgery (n=242) or annular enlargement procedure
for SAVR (n=14). Among the remaining 885 patients, 710
patients [age: 64.9±10.8 years; females: 285 (40.1%)] with
preoperative MDCT evaluations on the heart were included
in this study, allowing us to obtain detailed parameters for
aortic root geometry.
This study was approved by our institutional ethic
committee/review board, which waived the requirement
for informed consent due to the retrospective nature of the
study (IRB: 2019AN0535).
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Baseline characteristics, operative profiles, and
echocardiographic parameters were primarily retrieved
from the institutional electronic database. Further detailed
information was obtained by retrospective chart reviews as
required.
We created a variable named “surgeon factor”, which
consisted of 5 nominal variables corresponding to the five
attending surgeons enrolled in this study. Therefore, we
expected this variable to represent surgeon-dependent
intraoperative conditions, according to individual surgeons.
Bovine pericardial bio-prosthesis included Biocor, Magna,
Mitroflow, and Trifecta. Supra-annular type prosthesis
included Magna, Hancock II, Mosaic, Trifecta, ATS AP360,
and Carbomedics TopHat.
Determining postoperative effective orifice area and
indexed effective orifice area
Projected EOA of implanted prosthetic valve was calculated
using previous published EOA measures corresponding
of each valve type and size (in vitro measurement). Mean
values for projected EOA were measured using doppler
echocardiography in patients with individual valves and
were published in papers to use as reference. The reference
parameters for each prosthesis model and size are described
in Tables S1,S2 (14-17). Indexed EOA (iEOA) was calculated
by EOA / Body surface area.
To evaluate the appropriateness of using projected EOA,
measured EOA (which was calculated by echocardiography)
was obtained from postoperative 6 to 12 months and used
for evaluating the agreement between projected EOA and
measured EOA. EOA was calculated using the simplified
continuity equation: aortic valve area = [cross-sectional
area of left ventricular outflow tract (LVOT) * velocity of
LVOT]/velocity of aortic valve (18).
CT acquisition and image analysis
Preoperative MDCT was performed with a secondgeneration dual-source CT scanner (Somatom Definition
Flash; Siemens Medical Solutions, Forchheim, Germany).
The need for a CT was determined mainly by the clinician,
but cardiac CT examination is generally performed based
on the guidelines for the appropriate use of cardiac CT
(19,20). Patients with no contraindication to beta-adrenergic
blocking agents, and with an initial heart rate exceeding
65 bpm received an oral dose of 2.5 mg of bisoprolol
1 hour before undergoing MDCT. MDCT scanning was
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Figure 1 Example of aortic annulus and root measurement on computed tomography images. (A) Maximal diameter (red line), short
diameter (yellow line, perpendicular to the maximal dimeter), perimeter (white dashed line) and area (yellow area) of the aortic annulus; (B)
maximal diameter (yellow line) at the sinus of Valsalva level measured on en-face view of aortic valve at systolic phase; (C) diameter of the
ascending aorta tubular portion (yellow line) on axial CT image.

conducted in conformance with established guidelines and
technical parameters. Using a power injector (Stellant D;
Medrad, Indianola, PA, USA), a bolus of 60–80 mL of nonionic, iodinated contrast material (Iomeron; Bracco Imaging
SpA, Milan, Italy) was injected at 4.0 mL/s, followed by
40 mL of a 30:70 mixture of contrast and saline in
the guidance of the bolus tracking method (ascending
aorta; trigger threshold level 100 HU; scan delay: 8 s).
Retrospective electrocardiogram-gated scanning was
performed with tube current modulation (dose pulsing
windows, 20–70% of the R-R interval). Tube voltage and
tube current–time products were adjusted for body size; the
scan parameters were as follows: tube voltage = 80–120 kV;
tube current = 160–360 mA; pitch = 0.17–0.38; detector
collimation = 64×0.6 mm and gantry rotation time =280 ms.
Reconstructed CT datasets with 5% R-R interval were
transferred to an external workstation (AquariusNet;
TeraRecon, Foster City, CA, USA) for post-processing. CT
analysis was independently performed by a cardiac expert
who was had no knowledge of clinical findings, including
echocardiography findings and operation records. CT
image analysis methods for AV evaluation were described
in previous articles (21,22). For aortic valve assessment,
aortic valve in-plane view (en-face view) was obtained at
the systolic phase of CT images. The aortic valve in-plane
view is parallel to the transverse plane of the three coronary
sinuses and to the images obtained from the aortic root to
the LV outflow tract, including the annulus level. Aortic
annulus plane was defined as the plane obtained from
the nadirs of aortic cusps. Maximal diameter, diameter
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perpendicular to the maximal diameter, perimeter, and area
of aortic annulus were obtained. Maximal diameter of the
sinus of Valsalva was obtained from the parallel plane of the
annulus level. Maximal diameter of the sinotubular junction
was also obtained. Ascending aorta tubular portion diameter
was obtained on axial CT image at the level of the right
main pulmonary artery (Figure 1).
Indexed aortic root parameters were defined as aortic
root parameters (aortic valve parameter, diameter of sinus
of Valsalva, diameter of sinotubular junction, diameter of
aortic tubular portion)/body surface area.
Statistical analysis
Continuous variables are expressed as mean ± standard
deviation. Categorical variables are expressed as frequency
and percentages. Simple linear regression was used to
evaluate the association between iEOA and trans-valvular
mean pressure gradient through aortic prosthesis. All
baseline parameters were examined in univariable linear
regression models to evaluate their association with the
iEOA. Then, multivariable linear regression analyses were
conducted including only variables with P<0.20 in the
univariable models, and a backward elimination method
was used to leave only variables with P<0.10 in the final
model. We found positive multicollinearity using the
variance inflation factor test among aortic annular variables
in the linear models. To avoid multicollinearity, only one
parameter among all parameters on aortic valve annulus
was chosen, based on the highest R2 value in univariable
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Table 1 Baseline characteristics and imaging parameters
Variables

n=710

Age, years

64.9±10.8

Female sex, n (%)

285 (40.1)

BSA, m2

1.7±0.2

BMI, kg/m2

24.29±3.4

Hypertension, n (%)

369 (52.0)

Diabetes Mellitus, n (%)

151 (21.3)

Hyperlipidemia, n (%)

68 (9.6)

History of cerebrovascular accident, n (%)

108 (15.2)

Atrial fibrillation or flutter, n (%)

117 (16.5)

Malignancy, n (%)

66 (9.3)

Pure aortic regurgitation, n (%)

121 (17.0)

Rheumatic disease, n (%)

77 (10.8)

Bicuspid aortic valve, n (%)

331 (46.6)

Congestive heart failure, n (%)

63 (8.9)

Chronic renal failure, n (%)

36 (5.1)

COPD, n (%)

24 (3.4)

Combined aortic replacement surgery

104 (14.6)

Type of prostheses
Mechanical prosthesis, n (%)

340 (47.8)

Bio-prosthesis, n (%)

370 (52.1)

Bovine pericardial, n (%)

251 (35.4)

Porcine, n (%)

119 (16.8)

Supra-annular type, n (%)

673 (94.8)

Echocardiographic data
Left ventricular ejection fraction, %

57.2±11.8

Left ventricular mass index, g/m2

146.7±45

Aortic root parameter on CT indexed by BSA
Aortic annulus short length, mm/m2
2

Aortic annulus long length, mm/m
2

Aortic annulus perimeter, mm/m
2

13.9±1.8
17.1 ± 2.1
49.6±6.0

2

Aortic annulus area, mm /m

312.8±74.5
2

Sinus of Valsalva diameter, mm/m

22.8±3.1

Sino-tubular junction, mm/m2

19.3±3.1

Tubular diameter, mm/m2

24.6±4.6

Table 1 (continued)
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Table 1 (continued)
Variables

n=710

Individual surgeon, n (%)
Surgeon A

57 (8.0)

Surgeon B

164 (23.1)

Surgeon C

108 (15.2)

Surgeon D

129 (18.2)

Surgeon E

252 (35.5)

COPD, chronic obstructive pulmonary disease; BSA, body
surface area; BMI, body mass index.

linear regression models, to enter multivariable analyses.
To evaluate the appropriateness of using projected EOA,
a linear regression analysis was used to examine the
relationship between projected and measured EOA. The
level of agreement between the two techniques was assessed
using Bland-Altman plots and 95% limits of agreement.
All P-values reported were two-tailed, and P≤0.05 was
considered as significant. R statistical software (version 3.4.4, R,
Vienna, Austria) and SPSS 20(IBM, USA) were used for all
data analyses.
Results
Baseline characteristics are described in Table 1. Among
the 710 subject patients, 121 patients (17.0%) showed
pure aortic insufficiency, while the remaining 589 patients
presented with AS with or without insufficiency. Bicuspid
aortic valve was present in 331 patients (46.6%), and bioprosthetic aortic valves were implanted in 370 patients
(52.1%), 116 (31.3%) of whom had porcine valves and
254 (69.7%) had pericardial valves. Combined aortic
replacement surgery was performed in 104 patients (Table 1).
Mean postoperative iEOA through implanted aortic
valve were 1.1±0.3 cm2/m2. There was a significant variation
in the iEOA between the five operating surgeons, as shown
in Figure 2.
Early mortality (30-day or in-hospital) occurred in
13 patients (1.8%). Postoperative echocardiography was
available in 701 patients (98.7%) at a mean of 4.4±2.2
postoperative days. After AVR, mean pressure gradient
through prosthetic aortic valve was 15.17±6.17 mmHg.
Postoperative iEOA was inversely correlated with mean
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Figure 2 Box plot demonstrating the indexed effective orifice area

significant risk variables in each of these groups.
Agreement between projected EOA and measured EOA
To evaluate the appropriateness of projected EOA
compared with measured EOA, Bland-Altman analysis was
performed using measured EOA, between 6–12 months
postoperatively, using doppler echocardiography. A total
of 64 measured EOA of prosthetic AV were available
during this period. Thus, we evaluated the appropriateness
between projected and measured EOA in these 64 patients.
The linear regression model revealed there was a significant
correlation between measured and projected iEOA (β=0.644,
R 2=0.405, P<0.0001). The Bland-Altman analysis also
revealed a good agreement between the two values, with a
mean difference of −0.39 cm2/m2 and limits of agreement of
0.43 to −1.21 cm2/m2 [measured IEOA – projected IEOA
(measured IEOA + projected EOA)/2].

of the prosthetic aortic valves in individual surgeons. Comparative
P values are shown in the data table.

pressure gradient through prosthetic aortic valve (β=−0.443,
R2=0.188, P<0.0001).
Determinants of postoperative iEOA
The univariable analysis revealed that a number of variables
were significantly associated with iEOA (Table 2). Among
aortic annular parameters, indexed aortic valve annulus
area that showed the highest R2, and was selected for the
multivariable analysis. Using the stepwise technique, the
final multivariable model demonstrated that indexed aortic
annulus area, indexed Valsalva sinus maximum diameter,
male sex, use of bovine pericardial bio-prosthesis, use of
supra-annular type prosthesis and surgeon factor showed
higher iEOA (adjusted R2=0.513, P<0.001) (Table 3, Figure 3).
Subgroup analysis
Subgroup analysis was performed based on the types of
prostheses: bio-prosthesis and mechanical prosthetic
groups (Tables S3 and S4). The multivariable analysis of
these subgroups revealed that female sex, indexed annular
area, indexed maximal diameter of the sinus and surgeon
factors were significant determinants associated with iEOA
in both mechanical and bioprosthetic subgroups (P≤0.001,
Tables S3 and S4), while there were several additional
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Discussion
In this study, indexed aortic annular area, indexed maximal
diameter of the Valsalva sinus, female sex, and use of bioprosthesis, supra-annular type prosthesis and surgeon
factors emerged as significant determinants of postoperative
indexed effective orifice through prosthetic aortic valve
in SAVR. Therefore, iEOA was determined not only by
a given patient’s characteristics, and but also by surgeondependent factors.
The given size of aortic root anatomy is important to
decide on an adequate size of prosthetic valve in SAVR.
The predictive value of MDCT for determining prosthetic
valve sizes in trans-catheter aortic valve replacement
(TAVR) has been well established by a number of studies
(23,24), and CT can provide reliable and reproducible
aortic root parameters in candidates who require aortic
valve intervention (11,25,26). In patients receiving SAVR,
however, the predictive role of aortic root parameters
measured by preoperative CT has been limited, and the
decision of which valve size to use has been primarily
made in the operative field. Our study intended to evaluate
the predictive role of preoperative CT parameters in
determining adequate prosthetic valve size in SAVR, as were
in TAVR, in association with other clinical factors such as
patient profile, type of prosthesis and surgeon factors. As
we expected, preoperative CT parameters such as indexed
aortic annulus area and indexed diameter of sinus of Valsalva
were closely correlated with postoperative iEOA of aortic
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Table 2 Univariable analysis for determinants of indexed effective orifice area in prosthetic aortic valves
Unstandardized

Standardized

P

R2

−0.16

<0.001

0.026

0.021

−0.223

<0.001

0.05

−0.015

0.003

−0.187

<0.001

0.035

Hypertension

−0.054

0.021

−0.098

0.009

0.01

Diabetes mellitus

−0.095

0.025

−0.141

<0.001

0.02

Hyperlipidemia

−0.096

0.035

−0.102

0.006

0.01

History of cerebrovascular accident

−0.076

0.029

−0.099

0.008

0.01

Pure aortic regurgitation

0.121

0.027

0.165

<0.001

0.027

Rheumatic disease

0.045

0.033

0.05

0.179

0.003

Bicuspid aortic valve

0.062

0.021

0.113

0.003

0.013

Congestive heart failure

0.058

0.036

0.06

0.109

0.004

Use of bio-prosthesis

−0.077

0.021

−0.139

<0.001

0.019

Supra-annular type prosthesis

−0.141

0.046

−0.113

0.003

0.013

Left ventricular ejection fraction (by 1%)

−0.004

<0.001

−0.152

<0.001

0.023

Left ventricular mass index

0.001

<0.001

0.181

<0.001

0.033

Indexed Aortic annulus short length, mm

0.060

0.005

0.406

<0.001

0.165

Indexed aortic annulus long length, mm/m2

0.054

0.004

0.422

<0.001

0.177

0.020

0.002

0.444

<0.001

0.197

0.002

<0.001

0.487

<0.001

0.237

0.039

0.003

0.439

<0.001

0.193

0.031

0.003

0.354

<0.001

0.126

0.011

0.002

0.179

<0.001

0.032

−0.094

0.007

−0.472

<0.001

0.223

Variables

Beta

SE

Beta

Age (by 1-year)

−0.004

0.001

Female sex

−0.126

BMI

Indexed aortic annulus perimeter, mm/m
2

2

2

Indexed aortic annulus area, mm /m

Indexed sinus of Valsalva diameter, mm/m

2

2

Indexed sino-tubular junction, mm/m
2

Indexed tubular diameter, mm/m
Surgeon factor

SE, standard error; BMI, body mass index.

Table 3 Multivariable analysis for determinants of indexed effective orifice area (adjusted R2=0.513, P<0.001)
Unstandardized

Variables

Standardized

P

Beta

SE

Beta

Female sex

−0.069

0.016

−0.122

<0.001

Use of bio-prosthesis

−0.069

0.015

−0.125

<0.001

Supra-annular type prosthesis

0.08

0.034

0.064

0.019

Indexed aortic annulus area

0.001

<0.001

0.293

<0.001

Indexed valsalva sinus diameter

0.026

0.003

0.291

<0.001

Surgeon factor

−0.089

0.005

−0.442

<0.001
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1.5

1.5

Indexed aortic annular long length (mm/m )

R square=0.237; Beta=0.487; P<0.0001

R square=0.197; Beta=0.444; P<0.0001

0.5

26

E
2.0

2.0

2

Indexed EOA (cm2/m2)

Indexed EOA (cm2/m2)

D

R square=0,177; Beta=0.422; P<0.0001

Indexed EOA (cm2/m2)

2.0

R square=0.165; Beta=0.406; P<0.0001

Indexed EOA (cm2/m2)

Indexed EOA (cm2/m2)

A

1.5

1.0

15

20

25

30

35

Indexed Valsalva sinus diameter (mm/m2)

2.0

R square=0.032; Beta=0.354; P<0.0001

1.5

1.0

15

20

25

30

Indexed Sinotubular junction diameter (mm/m2)

Figure 3 Linear regression models demonstrating that parameters of root geometry measured from computed tomography are strongly
correlated with iEOA of prosthetic aortic valves. Associations between indexed EOA and indexed (A) short diameter of the annulus, (B) long
diameter of the annulus, (C) annular perimeter, (D) annular area, (E) Valsalva sinus diameter, (F) sino-tubular junction.

valve in both univariable and multivariable analyses. Pollari
and colleagues stated that CT scan is better method than
only echocardiographic investigation in terms of precise
aortic root evaluation (27).
Interestingly, the surgeon factor showed a greater
coefficient of determination of iEOA. Meanwhile, the
estimation and selection of instrument size have been
mainly determined in the operative field at the discretion of
the surgeon. This sizing process has commonly depended
upon the intraoperative manual measurement using the
manufacture’s size rather than from preoperative exams
derived by objective measurements. With respect to sizing
and determination of prosthetic valve in SAVR, there
have always been issues where prosthetic valve size would
vary depending on surgeon performance, even in similar
clinical conditions, such as equivalent anatomical features.
Based on our study and prior studies, the surgeon factor
may include suture technique, choice of valve type (intraannular versus supra-annular), and preference of aortic
root enlargement technique. Some authors have shown
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that simple interrupted or continuous suture technique
may obtain larger EOA than pledget assisted mattress
suture (28,29). Supra-annular type prosthesis had higher
EOA than intra-annular type prosthesis (30,31). Moreover,
the root enlargement technique is important to avoid
taking suboptimal EOA. This association fits well with
the practical intuition in that sense of tightness of the
prosthesis into the annulus as well as the technical details
including other methods—all of which vary with respect to
the surgeon—might have an influence on valve sizing (32).
Further research is required to examine whether this greater
value can be translated into a dominant contribution of
the surgeon factor in the determination of prosthesis size,
rather than of the anatomic aortic root size of patients. To
the best of our knowledge, this is the first study to clearly
demonstrate the association between the surgeon factor and
postoperative iEOA.
Besides surgeon factor and preoperative CT parameters,
female sex and the use of bio-prosthesis were also shown
to be predictive for smaller iEOA in the multivariable
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model. These variables were presented as independent
risk factors for PPM in the previous analyses (1,13). In
general, mechanical prostheses are known to have a better
hemodynamic performance than bio-prosthetic valves
when instrument size is equivalent. Accordingly, we believe
that for patients with risk factors such as female gender,
small aortic root, and candidate for bio-prosthetic valve
implantation, prescriptions such as interrupted suture,
annular enlargement or use of sutureless valve may be
demanded to secure optimal iEOA following SAVR.
Sutureless valve achieved higher EOA in similar aortic
annular size compared with conventional aortic valve
implantation (33).
Limitations
Due to the retrospective nature of the analysis and use
of database from a single center, this study may have
unmeasured confounding factors and selection bias, even after
vigorous statistical adjustment. This study used projected
EOA to calculate indexed EOA, instead of measured EOA.
In the study of PPM, projected EOA was more reproducible
than measured EOA, which is influenced by many clinical
factors such as hemodynamic status, poor echocardiographic
test, and measurement variation. Among risk factors, surgeon
factor is a subjective parameter. However, the significance
of the impact of surgeon factor on determining EOA was
consistent across various statistical approaches.
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Conclusions
Securing optimal iEOA is paramount to improve survival
and long-term outcomes in patients who receive SAVR.
This study found that female sex, the use of bio-prosthesis,
the use of supra-annular type prosthesis, aortic root
parameters derived from MDCT, and surgeon factors
were significant and independent determinants of iEOA
following SAVR. Therefore, besides given individual
condition, the surgeon factor is an important factor in
determining postoperative iEOA. In patients with small
aortic annulus and root size measured by preoperative CT,
when associated with other risk factors, active measures
before surgery should be considered to secure optimal
postoperative iEOA.
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Supplementary
Table S1 Reference values of projected effective orifice area for bio-prosthesis
Valve type

Total number of patients

Bio-prosthesis valve size

Reference

19 mm

21 mm

23 mm

25 mm

27 mm

1

1.3

1.4

1.9

2.2

(14-16)

(17)

Biocor
EOA, cm2
Patients, n

2

1

1

Magna
EOA, cm2
Patients, n

227

1.26

1.73

2.01

2.47

2.8

38

66

72

33

18

1.2

1.5

1.8

2.3

2.48

(17)

4

4

1.2

1.3

1.5

1.6

(14)

35

44

23

14

1.22

1.38

1.65

1.8

(14)

3.2

(17)

Mitroflow
EOA, cm2
Patients, n

8

Hancock II
EOA, cm2
Patients, n

116

Mosaic
EOA, cm2
Patients, n

1.2
3

2

1

Trifecta
EOA, cm2
Patients, n

1.5
14

1.84

2.2

2.7

3

7

4

Table S2 Reference values of projected effective orifice area for mechanical prosthesis
Valve type

Total patient
number

Mechanical prosthesis valve size

References

19 mm [18]

21 mm [20]

23 mm [22]

25 mm [24]

27 mm [26]

1.2

1.3

1.7

2

2.1

9

32

51

25

17

1

1.5

1.7

2

2.5

(14-16)

1

5

3

2

1.5

1.7

2

2.4

3.2

(14-16)

3

5

6

1.4

1.6

1.9

2.5

1

2

4

6

1.6

2

2.3

2.5

3.6

17

40

35

34

14

1.4

1.5

1.8

3

14

11

ATS AP360*
EOA, cm2
Patients, n

134

(14,16)

Carbomedics TopHat
EOA, cm2
Patients, n

11

OnX
EOA, cm2
Patients, n

14

St. Jude (SJ) standard
EOA, cm2
Patients, n

1.5
13

(14,16)

SJ regent
EOA, cm2
Patients, n

140

(14,16)

Sorin overline*
EOA, cm2
Patients, n

28

**

*, valve size is corresponded with even number. Valve size was 18, 20, 22, 24, 26 which was corresponded to 19, 21, 23, 25, 27. **,
Sorin overline projected EOA has been not available from literature. Thus, projected EOA was deprived from our measured EOA by
postoperative echocardiography using 36 implanted valves. EOA, effective orifice area.

Table S3 Multivariable analysis for determinants of index effective orifice area in bio-prosthetic aortic valve (R 2=0.731, adjusted R2=0.726,
P<0.001)
Variables

Unstandardized

Standardized

P

Beta

SE

Beta

Female sex

−0.051

0.016

−0.095

0.001

Hypertension

−0.034

0.015

−0.063

0.028

Rheumatic disease

0.073

0.027

2.746

0.006

Porcine valve type

−0.297

0.017

−0.516

<0.001

Indexed Aortic annulus area

0.001

<0.001

0.260

<0.001

Indexed Sinus Valsalva diameter

0.019

0.003

0.260

<0.001

Surgeon factor

−0.055

0.006

−0.282

<0.001

Table S4 Multivariable analysis for determinants of Index Effective Orifice Area in mechanical prosthetic aortic valve (R2=0.523, adjusted
R2=0.516, P<0.001)
Variables

Unstandardized

Standardized

P

Beta

SE

Beta

Female sex

−0.087

0.025

−0.149

<0.001

Indexed Aortic annulus area

0.001

<0.001

0.312

<0.001

Indexed Valsalva sinus diameter

0.021

0.006

0.219

0.001

Indexed Sino-tubular junction diameter

0.011

0.006

0.124

0.050

Surgeon factor

−0.087

0.008

−0.432

<0.001

