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Abstract 

Background  We used transcatheter aortic valve implantation (TAVI) procedure time to investigate the association 
between surgical team maturity and outcome.

Methods  Among patients who underwent TAVI between October 2015 and November 2019, those who had 
Sapien™ implanted with the transfemoral artery approach were included in the analysis. We used TAVI procedure 
time and surgery number to draw a learning curve. Then, we divided the patients into two groups before and after 
the number of cases where the sigmoid curve reaches a plateau. We compared the two groups regarding the sur-
veyed factors and investigated the correlation between the TAVI procedure time and survey factors.

Results  Ninety-nine of 149 patients were analysed. The sigmoid curve had an inflection point in 23.2 cases 
and reached a plateau in 43.0 cases. Patients in the Late group had a shorter operating time, less contrast media, 
less radiation exposure, and less myocardial escape enzymes than the Early group. Surgical procedure time showed 
the strongest correlation with the surgical case number.

Conclusion  The number of cases required for surgeon proficiency for isolated Sapien™ valve implantation was 43. 
This number may serve as a guideline for switching the anesthesia management of TAVI from general to local 
anesthesia.
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Introduction
Transcatheter aortic valve implantation (TAVI) is com-
monly applied worldwide as a minimally invasive treat-
ment for severe aortic stenosis (AS) [1, 2]. TAVI has been 
reported to improve the long-term life prognosis of AS 
patients, and the indications for TAVI are expected to 
expand to asymptomatic and moderate AS patients [3]. 

As such, the number of patients eligible for TAVI treat-
ment is expected to increase in the future. Anesthe-
sia management for TAVI includes general anesthesia 
and local anesthesia combined with sedation, and each 
method has its advantages and disadvantages. Compared 
with anesthesia management using general anesthesia, 
anesthesia management using local anesthesia reduces 
the amount of catecholamines during surgery, stabi-
lizes hemodynamics, promotes postoperative recovery, 
and leads to reduced medical costs [4]. Furthermore, 
one of the merits of TAVI anesthesia management with 
local anesthesia is the shortening of the operation time 
[5–7]. Therefore, intraoperative management with local 
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anesthesia is selected in hospitals with a large num-
ber of TAVI cases. Conversely, intraoperative man-
agement of TAVI with local anesthesia has several 
disadvantages, such as the need for expert skill in res-
piratory management during sedation, restriction of the 
use of transesophageal echocardiography (TEE), and dif-
ficulty in response to sudden changes [8–12]. It has been 
reported that the 30-day mortality rate of TAVI patients 
is lower under local anesthesia, but as this was a report 
from a large facility, it is necessary to consider the bias 
of experience [7, 12, 13]. There is controversy regard-
ing whether general or local anesthesia should be used 
for anesthesia management during TAVI. Therefore, the 
method of anesthesia management depends on the char-
acteristics of the TAVI team.

As a precondition for transitioning intraoperative man-
agement of TAVI from general anesthesia management 
to local anesthesia management, surgeons must be suf-
ficiently skilled in the relevant surgical techniques. As 
in many other surgeries, there is an association between 
the number of surgical experiences and outcomes, with 
the outcomes of TAVI expected to improve with an 
increase in the number of surgical experiences. In fact, 
it has been reported that complications were associated 
with the number of cases experienced by the operator in 
TAVI patients [7, 13]. For this reason, it is essential for 
the operator to be sufficiently accustomed to the surgi-
cal technique to ensure safety. Various studies have been 
conducted to date as an indicator of operator proficiency 
in TAVI, and the number of experienced cases required 
to reduce postoperative complications and improve post-
operative prognosis has been reported [14–16]. However, 
many of these reports set postoperative prognosis as the 
outcome, meaning that many perioperative factors are 
included in the study results. In other words, the matu-
rity of the surgeon’s technique itself was not examined. 
Therefore, we conducted this study focusing on TAVI 
techniques to assess the maturity of surgeons in TAVI.

Herein, we focused on the time required for the pro-
cedure to place the TAVI valve and the number of expe-
riences and clarified the number of cases required to 
shorten the time required for the surgical procedure. 
In addition, we investigated the effect of the number of 
experiences required for the proficiency of the TAVI pro-
cedure calculated by us on the postoperative outcome.

Methods
Ethical considerations
This was a single-center retrospective cohort study con-
ducted at Hiroshima University Hospital in Japan. The 
study was conducted in accordance with the Declaration 
of Helsinki and was approved by the institutional ethics 
board of Hiroshima University Hospital (No. E-1463). 

The need for informed consent was waived by the Ethi-
cal Committee for Epidemiology of Hiroshima University 
due to the study’s retrospective nature.

Study subjects
We included all patients who underwent TAVI between 
October 2015 and November 2019 at Hiroshima Uni-
versity Hospital. We focused on patients with a Sapien™ 
valve (Sapien XT or Sapien 3) (S3, S-XT; Edwards Lifes-
ciences, Inc., Irvine, CA, USA) and transfemoral artery 
(TF) approach and excluded other patients. Thus, 
patients who used Evolute™ (CoreValve valve-Medtronic, 
Minneapolis, MN, USA) or who chose a non-transfem-
oral approach were excluded from the analysis. In addi-
tion, during valve placement, patients who underwent 
additional procedures other than TAVI valve placement, 
such as coronary artery protection and percutaneous car-
diopulmonary support (PCPS), were excluded. A flow-
chart of the patient selection process is shown in Fig. 1.

TAVI team and environment
During the time period of this study, a single TAVI team 
existed consisting of interventional cardiologists, cardio-
vascular surgeons, clinical engineers, anesthetists, and 
nurses. The cardiologists were primarily responsible for 
catheter placement procedures, and the main operator 
remained consistent throughout the study period. Mid-
way through the study, one cardiac surgeon was replaced 
by another experienced surgeon. The anesthesia team 
consisted of two anesthesiologists, specializing in cardio-
thoracic anesthesia. The first eight cases were screened 
on-site initially, and 25 cases were done under the super-
vision of a proctor. All cases were done with a balloon 
aortic angioplasty.

Definition of TAVI procedure time and anesthesia 
management method
The TAVI procedure time was defined as the time from 
the heparinization to the confirmation of completed 
valve placement by aortography to focus only on the pro-
ficiency of the valve placement procedure. Figure 2 shows 
the flow of the TAVI procedure and the definition of the 
TAVI procedure time.

Anesthesia management method: All TAVI cases were 
performed under general anesthesia. Tracheal intuba-
tion was performed in all cases, and monitoring was 
performed using a TEE and a pulmonary artery catheter. 
After surgery, all patients were extubated in the operat-
ing room and subsequently admitted to the intensive care 
unit (ICU).
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Surveyed factors
We collected the following information as Surveyed fac-
tors: Type of implanted Sapien™ valve (Sapien XT or 
Sapien 3, others: Evolute™), patient background (age, 
sex, height, weight, body mass index (BMI), and preop-
erative risk factors (aortic valve orifice area, aortic valve 
mean pressure gradient, left ventricular ejection fraction 

(LVEF), frailty score, Society of Thoracic Surgeons (STS) 
score, Logistic EuroScore, Clinical Frailty Scale score), 
intraoperative factors (operating time, operating room 
stay time, TAVI procedure time, radiation exposure dose, 
contrast agent usage), postoperative course (ICU stay 
days, postoperative hospital stay, 30-day survival rate), 
blood test findings (anemia: Hb, renal function: blood 

Fig. 1  Flow chart showing patient selection criteria and group division. We analyzed 99 out of 149 treated patients. Patients were divided 
into the Early and Late groups based on the number of cases when the sigmoid curve plateaued. TAVI: transcatheter aortic valve implantation, n: 
number of patients

Fig. 2  Flow of the TAVI procedure and definition of the TAVI procedure time. The procedure flow of the TAVI is shown. We defined the TAVI 
procedure time as the time from the heparinization to the confirmation of completed valve placement by aortography. TAVI: transcatheter aortic 
valve implantation
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urea nitrogen (BUN), creatinine (Cre), myocardial devia-
tion enzymes: troponin, troponin I, troponin T, creatine 
kinase (CK), and creatine phosphokinase-MB (CK-MB)).

Statistical analyses
Fitting a sigmoidal curve and patient grouping
First, we assigned case numbers in order of experience 
and plotted the number of experienced patients and valve 
placement time. At this time, Evolute™ cases were only 
counted by the number of cases, and the valve placement 
time was not used in the analysis.

Next, the patients to be analyzed were numbered in 
order of experience, and the learning curve was fitted 
with a sigmoid curve to the plot of the valve placement 
procedure time. Next, the number of cases required for 
maturation was defined as the number of cases at which 
the curve reached a plateau. Finally, we used the least-
squares method to fit a sigmoidal function to the discrete 
data obtained for TAVI procedure time and the number 
of cases.

Furthermore, we divided the patients into the Early and 
Late groups, defined as patients treated before and after 
reaching the plateau of the sigmoid curve and compared 
the two groups in terms of patient background and sur-
veyed factors. We used the Mann–Whitney U test and 
Chi-square test for statistical comparison of both groups, 
and p < 0.05 was considered statistically significant.

Correlation with surgical procedure time
We investigated the correlation between the TAVI pro-
cedure time and survey factors for the patients. Pearson 
correlation coefficient was used for statistical analysis; 
values below -0.4 or above 0.4 were considered to be 
correlated.

Results
Of the 149 patients treated with TAVI during the study 
period, 99 were included in the analysis (Fig.  1). Fifty 
patients were excluded from the analysis because of 
non-Sapien valve placement, non-TF approach, or addi-
tional procedures other than TAVI valve placement. 
(Detail: Evolute™ 32 patients, trans subclavian approach 
4 patients, trans apical approach 9 patients, coronary 
artery protection 5 patients).

The coefficient of determination of the sigmoid curve 
was 0.15 (P < 0.0001). The sigmoid curve had an inflection 
point in 23.2 cases and reached a plateau in 43.0 cases 
(Fig. 3). From this, it was considered that 43 cases would 
serve as a measure of the maturity of the surgical tech-
nique of TAVI.

We subsequently divided the patients into two groups, 
the Early and Late groups, defined as patients treated 

before and after these 43 cases, respectively, and subse-
quently compared the outcomes of the two groups.

Table  1 shows a comparison of patient backgrounds 
and study factors between groups. In terms of patient 
background, aortic valve area and mean aortic valve pres-
sure gradient were significantly lower in the Early group. 
Contrast agent usage, fluoroscopy time, and radiation 
exposure were significantly higher in the Early group. 
Furthermore, myocardial escape enzymes on post opera-
tive day 0 (POD 0) were also significantly higher in the 
Early group.

Table 2 shows the correlation coefficients between the 
TAVI procedure time and survey factors. Fluoroscopy 
time and surgical case number significantly correlated 
with TAVI procedure time. In addition, the amount of 
contrast medium used, the amount of radiation exposure, 
and the difference in mean aortic valve pressure gradi-
ent showed a slight correlation with the TAVI procedure 
time.

Discussion
Of a total of 149 patients who underwent TAVI under 
general anesthesia at a single hospital, we analyzed 99 
who underwent Sapien™ valve placement via the TF 
approach. Focusing on the technique of TAVI valve 
placement, we analyzed the time required for the surgi-
cal procedure and the degree of maturity of the surgical 
procedure. When we plotted experience cases and surgi-
cal procedure time and fitted them to a sigmoid curve, 
the number of cases in which the surgical procedure time 
reached a plateau was 43. Further analysis revealed that 
patients in the Late group had a shorter operating time, 
shorter stay in the operating room, less contrast media, 
less radiation exposure, and less myocardial escape 
enzymes than the Early group. Furthermore, the surgical 
procedure time is strongly correlated with a surgical case 
number.

Several studies have been conducted to investigate the 
proficiency of TAVI. In a study of 177 patients, Mattia 
Lunardi and colleagues reported that experience with 54 
empirical cases were required to reduce serious compli-
cations, and 32 cases were needed to improve 30-day sur-
vival [17]. Alli et al. reported that TAVI proficiency in 30 
patients was required to reach a plateau of mastery [14]. 
In a report of 1,752 patients in a national TAVI registry 
from Japan, the association between the 30-day postop-
erative complication rate and the number of cases experi-
enced by the surgeon was evaluated, revealing that about 
20 cases were needed to reduce the risk of postoperative 
complications [16] In addition, data from the US registry 
shows only about 100 patients have a stable postopera-
tive course [18]. An article in the literature utilizes com-
bined data from the Transcatheter Valve Therapy (TVT) 
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registry. It examines the learning curves and the relation-
ship between procedural volume and outcomes for Bal-
loon-expandable valve Implants, published in 2019. The 
registry encompasses 61,949 valve implants. By amal-
gamating data from all sites in the registry, the sequence 
of cases was plotted against 30-day mortality and stroke 
rate. The learning curve showed a change in slope in case 
55, after which the curve leveled off [19]. All of these 
reports indicate that outcome improves as the TAVI 
team gains more experience with surgical cases, and it 
is thought that about 50 cases are necessary for profi-
ciency in TAVI. However, these studies set the endpoints 
as postoperative complications and a 30-day survival 
rate and did not investigate the maturity of the surgical 
technique itself. In other words, postoperative prognosis 
reflects many factors, including preoperative and postop-
erative ward management. A variety of factors improve 
outcomes after TAVI, including improved procedural 
techniques and dissemination of best practices, extensive 
knowledge sharing, rigorous supervision, ongoing case 
support, a heart team approach, and improved device 
technology [19]. On the other hand, since intraoperative 

complications significantly impact mortality in TAVI, we 
believe that an analysis that focuses on the surgical tech-
nique is necessary [20–22]. This is because information 
on postoperative management can be supplemented by 
obtaining information from clinical reports or guideline, 
but surgical procedures must be mastered through real-
world experience. Therefore, the surgeon’s proficiency in 
surgical technique should be evaluated in isolation from 
other factors. In fact, in many surgical procedures, the 
time spent on the procedure is considered the maturity 
of the surgical technique [23–25]. Based on this, we ana-
lyzed the time spent on the surgical procedure to define 
the proficiency of the TAVI procedure. As a result, we 
found that the number of cases required for proficiency 
in the TAVI procedure was at least 43.

Whether anesthesia management for TAVI is per-
formed with general or local anesthesia depends on 
the characteristics of the TAVI team. TAVI is gener-
ally performed predominantly under local anesthesia 
in Europe and general anesthesia in North America. 
In addition, local anesthesia tends to be selected at 
facilities where TAVI is frequently performed. The 

Fig. 3  Scatter plot and sigmoid curve of the TAVI procedure time. Scatter plot and sigmoid curve, each data point represents a person undergoing 
a TAVI procedure meeting inclusion criteria. The y axis is TAVI procedure time. The x axis represents the ordinal number (first, second, third, etc.) 
of the people meeting inclusion criteria. The first person undergoing a TAVI procedure would be assigned the number 1. The second person would 
be assigned the number 2 and so on. Only those TAVI procedures meeting inclusion criteria would be plotted on the scatter plot. The scatter plot 
only shows 33 data points in the early group not 43 data points. The vertical lines showing the inflection point and the plateau need to be adjusted. 
The inflection point should be at the 23rd data point not at patient number 23. The vertical line separating the early group from the late group 
should be at the 43 data point (occurs at 58 patient number)
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Table 1  Comparison of patient background and surveyed factors between early and late groups

A comparison of patient background factors and surveyed factors between the Early and Late groups. Values are shown as median [min–max range] or number. 
A Mann–Whitney U test was used for Patients background except Gender, and a chi-square test was used for Gender. A p-value < 0.05 was considered to indicate 
statistical significance

All patients Early group Later group p value

Number of patients (n) 99 43 56

Age (years) 84 [65–96] 85 [71–92] 83.5 [65–96] 0.062

Gender (male: female) 19: 80 10: 33 9: 47 0.810

Height (cm) 148 [130–174] 148 [134–174] 148 [130–170] 0.633

body weight (kg) 50 [33–80] 48 [33–80] 51 [35–75] 0.375

BMI (kg/m2) 23 [16–31] 23 [16–31] 23 [16–31] 0.651

Aortic valve area (cm2) 0.7 [0.3–1.1] 0.6 [0.4–1.0] 0.7 [0.3–1.1] 0.007

Mean aortic valve pressure gradient (mmHg) 48 [16–119] 52 [30–119] 45 [16–96] 0.014

Left ventricular ejection fraction (%) 65 [27–75] 65 [27–75] 65 [30–73] 0.840

Hemoglobin (g/dL) 11.5 [6.6–13.9] 11.5 [8.6–13.2] 11.5 [6.6–13.9] 0.651

Frailty score 3 [1–7] 3 [2–6] 4 [1–7] 0.207

STS score 4.2 [1.6–34.2] 4.3 [1.6–34.2] 4.2 [2.3–13.8] 0.782

Euro score 3.5 [1.6–22] 3.5 [1.6–22] 3.3 [1.6–12.4] 0.852

Surgical procedure time (min) 42 [20–88] 46 [20–88] 39 [21–78]  < 0.001

Contrast agent usage (mL) 116 [52–370] 135 [60–275] 110 [52–370] 0.001

X-ray fluoroscopy time (sec) 1320 [654–3174] 1695 [1020–3174] 1141 [654–2280]  < 0.001

Radiation exposure dose (mGy) 378 [19–2194] 524 [31–2194] 320 [19–1404]  < 0.001

Total rapid pacing time (sec) 72 [34–141] 72 [34–141] 72 [50–137] 0.752

BAV rapid pacing time (sec) 17 [17–53] 17 [13–51] 17 [9–53] 0.223

TAVI rapid pacing time (sec) 36 [24–80] 36 [24–63] 35 [25–80] 0.846

Surgery time (min) 92 [61–213] 121 [77–213] 84 [61–166]  < 0.001

Length of stay in operating room (min) 197 [152–327] 209 [159–327] 190 [152–274]  < 0.001

Length of stay in ICU (day) 2 [2–17] 2 [2–17] 2 [2–6] 0.804

Post operative length of hospital stay (day) 10 [5–65] 9 [6–60] 10 [5–65] 0.921

30-day survival (n, %) 99 (100%) 43 (100%) 56 (100%) -

Cardiac troponin I (ng/mL)

  POD 0 0.5 [0.0–3.1] 0.6 [0.1–3.1] 0.4 [0–2.3] 0.011

  POD 1 0.3 [0.1–2.3] 0.3 [0.1–1.7] 0.3 [0.1–2.3] 0.456

Cardiac troponin T (ng/mL)

POD 0 0.3 [0–2.4] 0.3 [0–2.4] 0.2 [0–1] 0.019

POD 1 0.2 [0–0.8] 0.2 [0.1–0.8] 0.2 [0–0.6] 0.085

Creatine kinase (IU/L)

Preoperative 66 [11–1338] 65 [18–1338] 66 [11–225] 0.893

POD 0 111 [14–871] 114 [62–871] 110 [14–238] 0.154

POD 1 90 [11–562] 90 [25–562] 93 [11–333] 0.819

CK-MB (IU/L)

  Preoperative 11 [4–19] 11 [4–19] 12 [8–14] 0.632

  POD 0 20 [7–50] 20 [7–50] 20 [8–44] 0.284

  POD 1 11 [3–32] 9 [5–32] 11 [3–31] 0.401

Blood urea nitrogen (mg/dL)

  POD 0 17 [7–96] 17 [7–96] 15 [7–56] 0.179

  POD 1 13.7 [6–80] 14 [6–80] 13 [7–58] 0.364

Creatinine (mg/dL)

  POD 0 0.8 [0.4–4.6] 0.8 [0.4–4.6] 0.8 [0.5–3.1] 0.235

  POD 1 0.7 [0.4–4.8] 0.7 [0.4–4.8] 0.7 [0.4–3.7] 0.867
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complication rate has been reported to be lower, and 
the patient outcome is better in facilities where TAVI 
is performed more frequently [26]. Anesthesia man-
agement with local anesthesia has been reported to 
shorten operating room stay time, reduce the amount 
of catecholamine used during surgery, stabilize hemo-
dynamics, improve recovery after surgery, and reduce 
the medical costs compared to anesthesia management 
with general anesthesia [4]. In addition, postoperative 
delirium and respiratory complications tend to be lower 
with local anesthesia management [27, 28]. Conversely, 
reported advantages of general anesthesia include less 
patient discomfort during surgery, reliable immobiliza-
tion, use of TEE, and reduced paravalvular leakage [8, 
9]. The rate of unexpected transition from local anes-
thesia management to general anesthesia management 
is 2–5%, and management with general anesthesia is 
required, especially in sudden changes. [9, 29,-32] Con-
sidering these reports, we believe that local anesthesia 
management is suitable for facilities in which the sur-
gical team is sufficiently skilled in TAVI, while general 
anesthesia management is suitable for facilities that 
are immature for TAVI. In our study data, the experi-
ence of 43 TAVI cases was considered to be one meas-
ure of the maturity of the surgeon’s technique. In other 
words, this number of cases may serve as a guideline 
for switching the anesthesia management of TAVI from 
general to local anesthesia.

The number of TAVI cases experienced has been 
reported to be negatively correlated with the incidence 
of complications and patient outcomes  [26]. Our data 
further showed a correlation between the number of 
surgeries and duration of surgical procedure, but the 
length of surgical procedure did not affect 30-day sur-
vival or length of hospital stay. This may have interfered 
with the effect of operative time, as multiple factors other 
than team management skills are involved in postopera-
tive outcomes. Conversely, since the amount of contrast 
medium used is involved in developing postoperative 
acute kidney injury, long-term follow-up may affect renal 
function [33]. Regarding myocardial escape enzymes, it 
has been reported that elevated troponin T levels show 
a weak association with postoperative left heart dysfunc-
tion and that elevated troponin I does not affect post-
operative mortality [34, 35]. Elevated myocardial escape 
enzymes were also observed in our patients in the Early 
group, but the impact on life prognosis was unclear from 
our results.

Our study has several limitations. First, we only ana-
lyzed patients who underwent an isolated Sapien™ TAVI. 
Some of the skills used during the 15 excluded patients 
in the early group overlap with the study group. Second, 
in our country the first 25 cases will be carried out under 
the supervision of a proctor. We speculate that both of 
these facts may cause the number of cases required for 
a surgeon’s proficiency as calculated from the learn-
ing curve to be underestimated. Next, the aortic valve 
opening area of patients tended to be smaller in the 
Early group than in the Late group. This is thought to be 
because TAVI was given priority to patients with severe 
AS when TAVI was started. Therefore, it is possible that 
the TAVI procedure in the Early group became more dif-
ficult. However, since the correlation between the TAVI 
procedure time and the aortic valve opening area was 
low, we believe this bias in the patient background has lit-
tle effect on the results. While these biases might have an 
effect on the exact number of cases, observation of a pla-
teauing of the reduction in TAVI procedure time remains 
a valid measure of the maturity of the operator’s skills.

Conclusion
The number of cases required for surgeon proficiency in 
TAVI using Sapien™ was 43 cases. Compared to the Early 
group, patients in the Late group required less contrast 
medium and received less radiation during surgery, and 
the fluoroscopy time was shorter. In addition, the post-
operative elevation of myocardial escape enzymes was 
significantly lower in the Late group. This number of 
cases may serve as a guideline for switching the anesthe-
sia management of TAVI from general anesthesia to local 
anesthesia.

Table 2  Correlation coefficient between survey factors and TAVI 
procedure time

Correlations between TAVI procedure time and surveyed factors are shown. The 
Pearson correlation coefficient was used for statistical analysis; values below -0.4 
or above 0.4 were considered correlated

Patient number -0.47

Age (years) 0.09

Gender (male: female) 0.00

Height (cm) -0.08

body weight (kg) 0.00

BMI (kg/m2) 0.05

Aortic valve area (cm2) -0.18

Mean aortic valve pressure gradient (mmHg) 0.25

Ejection fraction (%) -0.13

Frailty score -0.15

STS score -0.13

Euro score -0.04

Contrast agent usage (mL) 0.24

X-ray fluoroscopy time (sec) 0.60

Radiation exposure dose (Gy) 0.31

Rapid pacing total time (sec) 0.18

Length of stay in ICU (day) -0.05

Post operative length of hospital stay (day) -0.03
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