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Background: The Edwards Intuity Valve System is a bioprosthesis with a balloon-expandable stent frame 
which enables rapid-deployment (RD). We aimed to analyze our single-center long-term experience with a 
follow-up until 9 years after aortic valve replacement (AVR) with this bioprosthesis.
Methods: Between May 2010 and May 2019, 700 consecutive patients with severe aortic stenosis or 
combined aortic valve disease, implanted with a RD valve at our institution, were included in a prospective 
database. Median follow-up was 19 months and the total accumulated follow-up was 2,140 patient-years. 
Pre-operative characteristics, operative parameters, survival rates, valve-related adverse events and valve 
hemodynamics were assessed.
Results: Mean age was 74±8 years, 45% female. Concomitant procedures were performed in 339 (48.4%) 
patients. In case of isolated AVR (361/700), a minimally invasive surgical (MIS) approach was conducted 
in 283 patients (78.4%). Cardio-pulmonary bypass (CPB) and cross-clamp times for isolated AVR were 
107.7±28.2 and 73.8±21.3 minutes for MIS approaches and 92.8±28.8 and 57.5±20.6 minutes for full 
sternotomy (P<0.001), respectively. Mean gradients at discharge, 1, 3 and 5 years were 13±5, 11±4, 12±5 and 
13±8 mmHg. New early pacemaker implantation was required in 8.9% of patients. Re-intervention or re-
operation with valve explantation for structural degeneration, non-structural dysfunction or endocarditis, 
occurred in 21 cases (3%). Thirty-day mortality was 0.7% (5/700) and overall survival at 1, 3 and 5 years was 
98%, 91% and 76%.
Conclusions: We report excellent long-term results in this updated single center experience for RD aortic 
valves regarding durability, safety and hemodynamic performance.
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Introduction

Surgical aortic valve replacement (SAVR) with a rapid-
deployment (RD) bioprosthesis was a major step forward 
in the surgical armamentarium in terms of facilitating 
a minimally invasive approach and ensuring superior 
hemodynamic performance in comparison with other 
surgical sutured valves (1,2). As minimally invasive AVR 
is mostly associated with longer cross-clamp times due to 
more difficult valve exposure, RD valves may overcome the 

prolonged times necessary for suture placement (3). In the 
era of transcatheter technologies, when the indication for 
transcatheter aortic valve replacement (TAVR) has been 
gradually extended to low-risk populations (4), RD systems 
might be a superior alternative in this patient population 
in terms of hemodynamics, but also in complex combined 
procedures (5,6). Our institution participated in the market-
release trial of the Edwards Intuity Valve System, which 
was standardized at our department. After our initial report 
of 500 Intuity implantations at our center, we now report 
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the updated 9-year single-center experience with the 
Edwards Intuity Valve regarding mortality, re-intervention 
or re-operation with valve explantation rates, valve-related 
adverse events and hemodynamic performance (7).

Methods

Study population

We previously published the study population described 
herein in detail (7). For this updated analysis, 700 patients 
included from 2010 to May 2019 were assessed out of the 
Vienna Intuity Comprehensive Evaluation (VICE) registry. 
The registry was approved by the Institutional Review Board 
(1861/2016) and patients signed the informed consent either 
pre- or post-operatively. The safety and effectiveness of this 
bioprosthesis was assessed. Moreover, all failed implantations 
were analyzed, but the patients were not included in further 
analysis if another prosthesis was implanted.

All patients were included in this analysis and followed-
up according to our institutional protocol. This consisted 
of a clinical follow-up at discharge, 3 months, 1, 3, 5 
and 10 years, which evaluates the clinical status and 
occurrence of any adverse events, as well as hemodynamic 
performance by transthoracic echocardiography (TTE) 
and electrocardiogram. At 2, 4 and 7 years after the index 
procedure, a telephone follow-up is performed. The follow-
up time was up to 9 years, with a mean of 28±23 months 
and a median of 19 [11–41] months.

Study endpoints

We primarily assessed short and long-term survival 
as well as structural/non-structural valve dysfunction 
and hemodynamic valve performance by TTE (8,9). 
Furthermore, all recommended clinical outcomes for 
reporting results after surgical valve replacement were 
assessed as secondary endpoints (8).

All deaths after valve implantation were assessed for 
the calculation of overall mortality. Early mortality (death 
occuring during the first 30 postoperative days) and in-
hospital mortality (any event occurring between surgery and 
first discharge) was reported. We applied the EuroScore II 
(European system for cardiac operative risk evaluation) and 
STS score (Society of Thoracic Surgeons Score) for risk 
assessment.

Valve-related adverse events (e.g., structural valve 
degeneration, non-structural  valve deterioration, 

endocarditis, valve thrombosis, major bleeding events, 
thromboembolic events, myocardial infarction and 
pacemaker implantation) were assessed according to current 
guidelines (8). Further events were categorized and analysed 
as previously described (7).

Statistical analysis

Continuous variables are shown as mean and standard 
deviations or median (25th–75th interval). Total numbers 
and proportions are reported for categorical outcomes. 
The Kaplan-Meier and lifetable methods are performed to 
assess survival and valve related events. The safety endpoints 
are reported as early (≤30 postoperative days) or late  
(>30 postoperative days) events. Early events are reported as 
numbers and percentages and late events as linearized event 
rates per patient year (%ppy) of follow-up and calculated as 
cumulative number of late events divided by the total patient-
years. Statistical calculations comparing continuous variables 
are made using a Wilcoxon-Mann-Whitney test; comparisons 
of categorical variables are made using Pearson’s chi-square 
test or ANOVA when more than two groups are compared. 
IBM SPSS Statistics 25 (IBM Corp. Released 2016. IBM 
SPSS Statistics for Mac, Version 25.0., IBM Corp., Armonk, 
NY, USA) was used for statistical analysis. A P value of less 
than 0.05 is considered as significant.

Results

We report the results of 700 patients who underwent 
surgical aortic valve replacement with the Intuity valve 
system from the first implant in 2010 until May 2019 at 
our department. Patients had a mean age of 73.6 [standard 
deviation (SD): 7.7] years, and 317 (45.3%) female patient 
were included. Sixty-seven percent were in NYHA 
functional class III or IV. EuroScore II and STS score were 
2.3 (1.4–4.3) and 2.2 (1.5–3.5), respectively (Table 1).

All fifteen adult cardiac staff surgeons performed the 
implants; ten surgeons (67%) performed a minimum of ten 
implantations. Concomitant procedures were carried out 
in 339 (48.4%) patients. Coronary artery bypass grafting 
(CABG) was performed in 219 (31.3%) patients; other 
procedures are detailed in Table 2. A median sternotomy 
was used in 371 (53%) surgeries, including concomitant 
procedures; the remaining patients were operated through 
a minimally invasive approach, either through an upper-
hemisternotomy in 154 (22%) cases, or anterior right 
thoracotomy in 175 (25%) patients; six patients required 
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conversion to full sternotomy (FS) (0.9%). When all 
patients including combined procedures were analyzed, the 
cardio-pulmonary bypass (CPB) and cross-clamp times were 
120±44 and 81±31 minutes (Table 2). We performed central 
cannulation in most of our minimally invasive procedures 
(Table 2). The valve deployment was not successful during 
the initial approach and required a second valve in 15 
patients (2.1%).

Implantation failures

In addition to the 700 successful implantations, another 15 
patients were switched to a conventional valve after one 

or more failed RD-AV implantation attempts. This was 
attributed to a large RD prosthesis, which could not be 
placed in the annulus in two of these patients, while ten 
patients had a pop-out, and one patient was observed to 
have atrioventricular dehiscence after decalcification of the 
mitral-aortic continuity at the time of valve positioning. 
Another patient had severe paravalvular regurgitation 
(PVR) after clamp removal and in the last case, one nadir 
stich teared through the annulus and by the second stich, 
with the valve already positioned in the annulus, one of the 
prosthesis leaflets had been accidentally injured.

Clinical outcomes

Five patients died during the first 30 days (0.7%). Peri-
operative mortality occurred in in 10 (1.4%) patients 
after AVR with concomitant procedures due to: cardiac 
arrest due to asystole, refractory to re-animation on 6th 
postoperative day (n=1), cardiogenic shock with cardiac 
arrest (n=1) on day 53, multi-organ failure (n=3) on  
day 4, 92 and 111 post-operatively, ARDS (n=1, 0.2%) on 
day 34, acute kidney failure (n=1, 0.2%) on day 149, gastro-
intestinal bleeding with cardiogenic shock on day 19, sepsis 
with Candida albicans and respiratory insufficiency by 
pneumonia on day 31, and lastly, cardiogenic shock with re-
operation by severe paravalvular leak with valve explantation 
and extracorporeal membrane oxygenation (ECMO) as well 
as diffuse uncontrollable bleeding on day 30. Overall, 83 
patients died (12.1%). Long-term survival was 98%, 91%, 
76% and 58% at 1, 3, 5 and 7 years after surgery (Figure 1).

Neurologic outcome
Early stroke occurred in 15 (2.1%) patients; 7 (0.33 %ppy) 
late events were reported (Table 3).

Early revision and bleeding
There were 3 (0.4%) early bleeding events and 11 (1.6 %ppy) 
late major bleeding events. Another 25 (3.6%) patients 
required early peri-operative revision for bleeding.

Re-intervention and valve dysfunction
Nine patients (1.3%) were re-operated within 30 days of the 
index operation and an additional 12 patients (0.56 %ppy) 
required late re-interventions or re-operations with valve 
explantation (see Table 3 and Figure 2).

The nine early re-operations took place on the 
following postoperative days: 1, 5, 7, 8, 9, 15, 26, 29, 
and were necessary due to severe PVR in eight cases and 

Table 1 Baseline patient characteristics

Factors Values (N=700)

Age (SD) years 73.6 (7.7)

Gender, n (%), female 317 (45.3)

Height (SD) cm 169.4 (9.3)

Weight (SD) kg 80.8 (15.9)

Body mass index (SD) kg/m
2

28.1 (4.9)

Body surface area (SD) m
2

1.92 (0.2)

EuroScore II (25
th
–75

th
 interval) 2.3 (1.4–4.3) 

STS score (25
th
–75

th
 interval) 2.2 (1.5–3.5)

Diabetes, n (%) 198 (28.3)

Dyslipidemia, n (%) 426 (60.9)

Coronary artery disease, n (%) 288 (41.1)

Cerebrovascular disease, n (%) 113 (16.1)

Renal insufficiency, n (%) 98 (14.0)

Creatinine (SD) 1.1 (0.6)

Peripheral vascular disease, n (%) 50 (7.1)

Chronic lung disease, n (%) 137 (19.6)

Previous valve surgery, n (%) 20 (2.9)

Previous pacemaker implantation, n (%) 38 (5.4)

Previous rhythm abnormalities, n (%) 253 (36.1)

Previous atrial fibrillation, n (%) 148 (21.1)

Paroxysmal, n (%) 80 (11.4)

Continuous data are presented as the mean and standard 
deviation (SD); categorical data as total number and percentage. 
STS score and EuroScore II are reported as medians and 25

th
–

75
th
 interval.
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Table 2 Intraoperative characteristics and early follow up

Factors All patients (N=700) Had concomitant procedures (N=339)

Access, n (%) –

Full sternotomy 371 (53.0)

Hemi-sternotomy 154 (22.0)

Thoracotomy 175 (25.0)

Access conversion, n (%) 6 (0.9) –

ART 4 (0.6)

UHS 2 (0.3)

Concomitant procedures, n (%) 339 (48.4) –

Coronary artery bypass grafting 219 (31.3)

Aortic reduction plasty 46 (6.6)

MVR/MVr 44 (6.3)

TVr 30 (4.3)

Atrial fibrillation surgery 48 (6.9)

Implanted valve sizes, n [%] –

19 mm 71 (10.1)

21 mm 163 (23.3)

23 mm 229 (32.7)

25 mm 163 (23.3)

27 mm 74 (10.6)

Cross clamp time (min), mean ± SD Isolated AVR Combined procedures

Full sternotomy 58±21 97±35

Hemi-sternotomy 63±17 70±17

Thoracotomy 82±21 –

CPB time (min), mean ± SD Isolated AVR Combined procedures

Full sternotomy 93±29 143±51

Hemi-sternotomy 95±20 102±23

Thoracotomy 117±30 –

Revision for bleeding, n (%) 25 (3.6) –

New PMI (early and long-term), n (%) 86 (12.3) –

Early pacemaker implantation (<14 days), n (%) 62 (8.9) –

New onset of atrial fibrillation, n (%) 190 (27.1) –

Continuous data are presented as the mean and standard deviation (SD); categorical data as total number and percentage. CABG, 
coronary artery bypass grafting; MVR, mitral valve replacement; MVr, mitral valve repair; TVr, tricuspid valve repair; CPB, cardio-pulmonary 
bypass; AVR, aortic valve replacement.
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due to septal rupture and acute bleeding in a patient in 
whom a myectomy was performed (Table 3); another 5 
patients underwent valve explantation for non-structural 
dysfunction, four patients due to progressive PVR on 
days 154, 186, 272, 625 and one patient on day 49 with 
structural damage of the mitral valve apparatus and an 
intact aortic valve.

Another two patients (0.1 %ppy) received a valve-in-
valve (ViV) procedure at 52 and 75 months after the SAVR 
for structural degeneration.

Re-operation with valve explanation occurred, and 5  
(0.2 %ppy) late cases of endocarditis were reported at 4, 10, 

13, 20 and 73 months after the index procedure.
Structural valve degeneration occurred in 4 (0.2 %ppy) 

patients, 2 (0.1 %ppy) underwent a ViV procedure and 
another one died after cardiac decompensation and 
cardiogenic shock (Figure 3). Mild PVR was observed in 47 
(6.7%) of patients, moderate PVR was observed in 15 (2.1%) 
patients, and severe PVR was observed in 8 (1.1%) patients. 
Patients who developed symptoms related to PVR were 
operated on as described above. 

Endocarditis
Nine patients (0.4 %ppy) suffered from postoperative 

Table 3 Postoperative events

Factors ≤30 days (%) >30 days (%ppy)

Structural valve dysfunction (re-intervention) 0 2 (0.1)

Nonstructural valve dysfunction (reoperation) 9 (1.3) 5 (0.2)

Major bleeding 3 (0.4) 5 (0.5)

Stroke 15 (2.1) 7 (0.3)

Transient ischemic attack 5 (0.7) 0

Peripheral emboli 0 3 (0.1)

Myocardial infarction 2 (0.3) 3 (0.1)

Valve thrombosis 0 0

Endocarditis 0 9 (0.4)

Endocarditis (reoperation) 0 5 (0.5)

Acute kidney injury 17 (2.4) 0

Extracorporeal membrane oxygenation 11 (1.6) 0

Overall valve related outcome regarding adverse events [total number and percentages ≤30 days postoperatively and events per patient 
year (%ppy) >30 days postoperatively] are reported.
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Figure 1 Kaplan-Meier survival estimate (overall survival). Figure 2 Freedom from reintervention or reoperation with valve 
explantation. Kaplan-Meier survival estimate.
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endocarditis, of which 5 (0.2 %ppy) underwent re-operation 
and valve explantation as described above.

Pacemaker implantation
A pacemaker implantation was required in 61 patients 
(8.9%, and 9.4% if patient with preoperatively implanted 
pacemakers are excluded) during the first 14 postoperative 
days.

Hemodynamic performance
The mean gradients at discharge, 1, 3 and 5 years follow-
up were 13±5, 11±4, 12±5 and 13±8 mmHg. The effective 
orifice area (EOA) and indexed EOA at discharge were 
1.89 (SD: 0.57) cm2 and 0.99 (SD: 0.28) cm/m2. Severe 
prosthesis-patient mismatch (PPM) occurred in 24 patients 
(3.4%).

Discussion

Minimally invasive SAVR with this RD-AV gradually 
became the treatment of choice for isolated AVR with 
78% patients operated through minimal access—either 
an upper-hemisternotomy or anterior right thoracotomy. 
As previously reported (7), during our learning curve, 
we started implanting this valve through a standard full 
sternotomy and subsequently shifted to minimally invasive 
approaches. Our preliminary results (2) demonstrated 
the relatively quick learning curve, which subsequently 
faci l i tated the minimally invasive approaches.  As 
previously reported, we are in favour of direct arterial 
cannulation also in minimally invasive cases to reduce 
groin complications (10).

The subvalvular stent fixation and the absence of any 

pledget material might reshape the outflow tract and 
improve transvalvular hemodynamics, with superior 
gradients and reduced turbulent flow (11), in comparison 
to the conventional valve of the same manufacturer (1,12). 
Fallon and colleagues (13) demonstrated the occurrence 
of PPM in up to 65% of patients documented in the 
STS database requiring an isolated AVR, with survival 
rates being significantly reduced for any degree of PPM 
(moderate to none: HR, 1.08; 95% CI, 1.05 to 1.12; severe 
to none: HR, 1.32; 95% CI, 1.25 to 1.39), and 10-year 
adjusted survival rates of 46%, 43%, and 35% for none, 
moderate, and severe PPM, respectively (P<0.001). Other 
studies showed a reduced incidence of PPM after RD-AVR, 
compared with conventional valves (12-14). Our single-
center large experience confirms the low incidence of PPM 
after RD-AVR, as moderate and severe PPM occurred in 
13% and 3% of cases, and was also low in patients with a 
small aortic root (15).

Residual moderate-severe PVR was observed in 3% of 
cases. In order to reduce the incidence of PVR, we were 
cautious and rather reluctant to implant this bioprosthesis 
in patients with extensive calcifications of the root and rigid 
sinuses or true bicuspid aortic valves (Sievers type 0). The 
rate of structural valve degeneration was very low, and RD 
valves are an ideal target for ViV procedures (16,17).

We report a total rate of 8.9% early new pacemaker 
implantation, which is higher than in other surgical  
valves (18). The meta-analysis from the Sutureless and 
Rapid-Deployment Aortic Valve Replacement International 
Registry (SURD-IR) (19) also showed a pacemaker rate 
of 10.4%. We recently published a detailed analysis of 
postoperative conduction disturbances of this population (20).  
Our intermediate-long term results did not show any 
significant influence on overall survival related to pacemaker 
implantation.

Study limitations

This study combines the results of pre-market clinical trials 
and a post-market registry. Therefore, patient population 
was not selected and our results included the learning curve 
for 15 surgeons.

Conclusions

We report excellent long-term results in this updated 
single center experience for rapid-deployment aortic valves 
regarding durability, safety and hemodynamic performance.
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