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Abstract
Aims: The Evolut PRO is a new transcatheter heart valve with an outer pericardial wrap intended to reduce 
paravalvular leak and facilitate tissue ingrowth. We aimed to evaluate the clinical performance and safety 
of the Evolut PRO valve in standard practice.

Methods and results: FORWARD PRO is a prospective, multinational, multicentre observational study. 
Transcatheter aortic valve implantation with the Evolut PRO valve (23, 26, or 29 mm) was attempted in 
629 non-consecutive patients from 39 centres from February 2018 to January 2019. The primary endpoint 
was the rate of all-cause mortality at 30 days compared to a pre-specified performance goal. An independ-
ent clinical events committee adjudicated safety endpoints based on VARC-2 definitions. All echocardio-
grams were centrally assessed by an independent core laboratory (Mayo Clinic, Rochester, MN, USA). 
Baseline characteristics included mean age 81.7±6.1 years, 61.8% female, STS score 4.7±3.3%, and 33.6% 
were frail. All-cause mortality at 30 days was 3.2%, which was lower than the pre-specified performance 
goal of 5.5% (p=0.004). Greater than mild AR was present in 1.8% of patients at discharge.

Conclusions: The FORWARD PRO study confirmed the safety and efficacy of the Evolut PRO trans-
catheter aortic valve system with an external pericardial wrap. ClinicalTrials.gov Identifier: NCT03417011
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Abbreviations
AR aortic regurgitation
AVG aortic valve gradient
CEC clinical events committee
EOA effective orifice area
NYHA New York Heart Association
PVL paravalvular leak
STS PROM  Society of Thoracic Surgeons Predicted Risk of 

Mortality
TAVI transcatheter aortic valve implantation
VARC Valve Academic Research Consortium

Introduction
Procedure planning with computed tomography (CT), optimal 
valve size selection, repositionable valve technology and adher-
ence to “best practices” to optimise transcatheter aortic valve 
implantation (TAVI) have improved overall outcomes and the 
rates of paravalvular leak (PVL), compared with early TAVI stud-
ies1,2. However, while in the intermediate- and low-risk studies3-6 
the overall mortality outcomes were similar between TAVI and 
surgery, the rates of PVL were lower with surgical valves.

Technological iterations are being made to mitigate further the 
risk of PVL. The addition of an external pericardial wrap to the 
Evolut™ R valve resulted in the next-generation Evolut™ PRO 
transcatheter aortic valve system (both Medtronic, Minneapolis, 
MN, USA). The Evolut PRO system retains all the characteris-
tics of its predecessor (supra-annular valve function, reposition-
able and low-profile delivery system via the InLine sheath 
[Medtronic]) and has an outer pericardial wrap at the inflow por-
tion of the valve.

Initial use of the Evolut PRO valve in 60 patients in the USA 
showed that 72.4% of patients had no or trace aortic regurgitation 
(AR) at 30 days7, whilst maintaining the safety profile of the proce-
dure. Use of the Evolut PRO valve in a large cohort of patients from 
the United States Society of Thoracic Surgeons/American College 

of Cardiology/Transcatheter Valve Therapy Registry (US STS/
ACC/TVT Registry) also showed that, compared to the Evolut R 
valve, the Evolut PRO valve had lower rates of AR at 30 days8.

The FORWARD PRO study evaluated the clinical performance 
and safety of the Evolut PRO valve in a large cohort of patients 
using standard clinical practice.

Methods
STUDY DETAILS
FORWARD PRO is a prospective, single-arm, multicentre, inter-
ventional post-commercialisation study. Patient selection was 
based on the Evolut PRO system instructions for use. Sites were 
instructed to enrol consecutive patients and use a Medtronic valve. 
Eligible patients had symptomatic native aortic valve (AV) steno-
sis or a failed surgical AV bioprosthesis (stenotic and/or insuffi-
cient) requiring replacement, and were at high or greater risk for 
surgery per the Heart Team, or were >75 years old and at inter-
mediate risk for surgery (STS PROM ≥4% or with an estimated 
hospital mortality ≥4% per the Heart Team). Additional condi-
tions such as frailty were considered9. Emergency procedures and 
patients with a life expectancy of <1 year were not allowed.

An independent clinical events committee (CEC) adjudicated 
deaths and safety endpoint-related events. The study sponsor 
(Medtronic) performed risk-based monitoring that included 100% 
monitoring of patient consent, primary and secondary related end-
points and study-specific adverse events. Patients underwent clini-
cal evaluations at baseline, hospital discharge and 30 days and will 
be followed for five years.

The FORWARD PRO steering committee (G. Manoharan, 
E. Grube, N. Van Mieghem, P. Lancellotti, L. Søndergaard, 
C. Tamburino, S. Windecker) designed the study in collaboration 
with the sponsor and had oversight of study activities. The study fol-
lowed the principles of the Declaration of Helsinki and all patients 
signed an informed consent form. The corresponding author decided 
to submit this manuscript for publication.
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Visual summary. Paravalvular leak at discharge and  (right) the Evolut PRO valve (Medtronic) with external pericardial wrap. 
Reproduced with permission from Medtronic, Inc.
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STUDY DEVICE
The Evolut PRO is a repositionable, self-expanding supra-annu-
lar valve within a nitinol frame. It was available in three sizes 
during the study (23, 26 or 29 mm) to treat aortic annuli dia-
meters of 18–26 mm. An outer porcine pericardial wrap, 1.5 cells 
in height, was sutured to the inflow portion of the valve frame 
to diminish post-TAVI PVL. To assist with accurate positioning, 
the valve can be partially or fully recaptured until released from 
the delivery system. The valve could be implanted using a 16 Fr 
equivalent EnVeo™ R InLine Sheath (Medtronic) in access ves-
sels with a diameter ≥5.5 mm or a 20 Fr standard sheath in dia-
meters ≥6 mm. The decision to use the InLine or a separate 
introducer sheath was at the operators’ discretion. Implant proce-
dures were performed per the standard procedures of the implant-
ing physicians.

STUDY PROCEDURES
All patients were required to undergo multislice CT prior to the 
procedure for proper device sizing and procedural planning. 
Transthoracic echocardiography (TTE) was performed prior to 
the procedure and before hospital discharge and centrally assessed 
by an independent core laboratory (Mayo Clinic, Rochester, 
MN, USA). An integrated approach using colour flow, pulsed-
wave and continuous-wave Doppler was used to assess the sever-
ity of AR10. The unifying 5-class grading scheme was used to 
grade AR11. The modified Rankin Scale12 was scored at baseline, 
discharge, every follow-up visit and 90 days after the onset of any 
confirmed or suspected neurological event.

ENDPOINTS
The primary endpoint was the rate of all-cause mortality at 
30 days compared with a pre-specified performance goal of 5.5%, 
the upper two-sided 95% limit from the Evolut R US Study13. 
Secondary endpoints included the proportion of patients with 
<mild AR at discharge compared with a pre-specified perfor-
mance goal of 67.1%14. Additional secondary endpoints included 
the Valve Academic Research Consortium-2 (VARC-2)15 compos-
ite safety endpoint at 30 days and its components – death, stroke, 
life-threatening bleeding, major vascular complication, stage 2 
or 3 acute kidney injury, coronary artery obstruction requiring 
intervention, or valve-related dysfunction requiring repeat AV pro-
cedure. Permanent pacemaker implantations (PPI), forward flow 
valve haemodynamics, prosthesis-patient mismatch (PPM) per 
VARC-215 and New York Heart Association (NYHA) functional 
class are also reported.

STATISTICAL ANALYSIS
The primary analysis cohort for this study comprises patients 
who underwent attempted implant of an Evolut PRO valve. 
Haemodynamic assessments are reported for implanted patients. 
For the primary endpoint, a sample size of 564 patients was 
required to attain 90% power in a one-sided test at the 0.05 level of 
significance, which was increased to 600 to account for attrition. 

The one-sided exact binomial test was performed for the primary 
endpoint. Additionally, the Kaplan-Meier event rate for 30-day all-
cause mortality is presented.

The secondary haemodynamic endpoint of the incidence of no/
trace AR at discharge was compared to a one-sided test at the 0.025 
significance level. Baseline categorical variables are presented as 
counts and frequencies, and continuous variables as mean±standard 
deviations. Event rates are reported as Kaplan-Meier estimates. 
Statistical analyses were performed using SAS software, version 9.4 
(SAS Institute, Cary, NC, USA).

Results
PATIENTS
There were 638 patients enrolled at 39 centres in 14 coun-
tries between February 2018 and January 2019, of whom 629 
underwent an attempted implant (Figure 1). The mean age was 
81.7±6.1 years, 61.8% were female, and the mean STS PROM 
was 4.7±3.3%. Most patients (64.3%) were in NYHA functional 
Class III or IV and 33.6% were frail (Table 1).

PROCEDURAL CHARACTERISTICS
Of the 629 patients, 610 (97.0%) were implanted with the Evolut 
PRO valve, 15 patients received a non-study valve, and 4 were 
not implanted with a TAV; 1 had a major vascular complication 
requiring surgical repair, 1 experienced a femoral dissection, 
1 had a cardiac tamponade after predilation during the procedure, 
and 1 patient only underwent percutaneous coronary intervention 
(Figure 1). These 19 patients were followed for 30 days and then 
exited from the study.

Most patients were implanted via iliofemoral access (97.0%) 
using local anaesthesia/conscious sedation (80.1%) (Table 2). 
The repositioning function of the Evolut PRO valve was used 
in 182 patients (29.3%). Pre-implant balloon valvuloplasty was 
performed in 34.0% and post-implant dilation was performed in 
31.1% of patients. There were 5 patients (0.8%) who received 
2 valves during the procedure; these were due to valve embolisa-
tion in 2 patients, valve migration in 1, and ectopic valve deploy-
ment in 2 patients.

Inclusion/exclusion criteria not met: 6
Death: 1
Withdrew: 2

Implanted with non-study valve: 15
Not implanted: 4*

Attempted implant
N=629

Enrolled
N=638

Implanted
N=610

Figure 1. Patients. The primary analysis cohort for outcomes was the 
attempted implant cohort and for echocardiographic outcomes it was 
the implanted cohort. *See text for details.
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30-DAY ENDPOINTS AND OUTCOMES
The primary endpoint of all-cause mortality at 30 days was 
3.2% (one-sided 95% upper confidence interval [CI] = 4.6%), 
significantly lower than the performance goal of 5.5%, p=0.004 
(Table 3, Figure 2). Cardiovascular death occurred in 2.7% of 
patients. The VARC-2 composite safety endpoint rate was 9.4% 
(Table 3).

Disabling stroke was observed in 18 patients (2.9%), 7 of whom 
died within 30 days. The major vascular complication rate was 
3.0%. During the procedure, 1 patient experienced a coronary 
occlusion (0.2%). There were no cases of valve-related dysfunc-
tion requiring a repeat procedure. A new permanent pacemaker 
was implanted in 116 patients (20.7%), of whom 25 (21.7%) had 
right bundle branch block at baseline. The NYHA class improved 
in most patients (77.9%), with 55.4% of patients reported in 
NYHA Class I at 30 days (Figure 3).

Table 2. Procedural characteristics.

N=629
Local anaesthesia 504 (80.1)

Iliofemoral access 610 (97.0)

InLine sheath used alone 540 (85.9)

Concomitant PCI 23 (3.7)

Embolic protection 58 (9.2)

Resheath/recapture performed 182 (29.3)

Implanted valve size* 23 mm 24 (3.9)

26 mm 192 (31.5)

29 mm 394 (64.6)

Pre-implant balloon valvuloplasty 214 (34.0)

Post-implant balloon dilation 195 (31.1)

NCS implant depth, mm** 4.8±2.7 (455)

LCS implant depth, mm** 5.5±2.7 (450)

More than 1 valve implanted 5 (0.8)

Data presented as no. (percentage) or mean±standard deviation (no.). 
* 610 patients implanted. ** By aortography. PCI: percutaneous 
coronary intervention

Table 3. Clinical outcomes at 30 days.

N=629
All-cause mortality or disabling stroke 30 (4.8)

Cardiovascular mortality 17 (2.7)

Disabling stroke 18 (2.9)

VARC-2 composite safety endpoint* 59 (9.4)

All-cause mortality 20 (3.2)

All stroke 24 (3.8)

Life-threatening or disabling bleeding 21 (3.3)

Major vascular complication 19 (3.0)

Acute kidney injury stage 2 or 3 7 (1.1)

Coronary artery obstruction 1 (0.2)

Valve-related dysfunction requiring repeat 
procedure 0 (0.0)

Myocardial infarction 2 (0.3)

Valve thrombus 0 (0.0)

Valve embolisation or migration* 3 (0.5)

Ectopic valve deployment* 2 (0.3)

Permanent pacemaker implanted** 118 (18.9)

Permanent pacemaker implanted# 116 (20.7)

Data presented as no. of patients with an event (Kaplan-Meier estimate). 
* Per VARC-215. ** Includes patients with permanent pacemaker or 
implantable cardioverter defibrillator at baseline. # Excludes patients 
with permanent pacemaker at baseline.

Table 1. Demographics and baseline clinical characteristics.

Characteristic N=629
Age, years 81.7±6.1

Body surface area, m2 1.8±0.2

Female 389 (61.8)

STS PROM, % 4.7±3.3

<4% 326 (51.8)

4% to 8% 238 (37.8)

≥8% 65 (10.3)

NYHA 
functional 
class

I 29 (4.7)

II 190 (31.0)

III 371 (60.5)

IV 23 (3.8)

STS risk factors

Unstable angina 6 (1.0)

Stable angina 79 (12.9)

Prior myocardial infarction 85 (13.6)

Prior percutaneous coronary intervention 174 (28.2)

Prior coronary artery bypass grafting 65 (10.5)

Prior aortic valve 25 (4.0)

History of atrial fibrillation 210 (33.6)

Diabetes mellitus 213 (34.0)

Serum creatinine >2 mg/dL 31 (4.9)

Dialysis 13 (2.1)

Chronic lung disease/COPD 158 (26.0)

Peripheral artery disease 95 (15.3)

Cerebrovascular disease 118 (18.9)

Other comorbidities and medical history

Porcelain aorta* 27 (4.4)

Frailty 207 (33.6)

Pulmonary hypertension** 205 (33.5)

Left ventricular ejection fraction, % 60.0±11.0

Pre-existing permanent pacemaker or defibrillator 66 (10.5)

Assisted living 93 (14.8)

Baseline 
ECG

Atrial fibrillation or flutter 124 (19.8)

Right bundle branch block 65 (10.4)

Left bundle branch block 54 (8.6)

1st degree atrioventricular block 90 (14.4)

2nd or 3rd degree atrioventricular block 6 (1.0)

Data are presented as mean±standard deviation or no. (percentage) that 
reflect missing values. * Heavy circumferential calcification or severe 
atheromatous plaques of the entire ascending aorta extending to the 
arch such that aortic cross-clamping is not feasible. ** Primary or 
secondary pulmonary hypertension with pulmonary artery systolic 
pressures greater than two thirds of systemic pressure. COPD: chronic 
obstructive pulmonary disease; NYHA: New York Heart Association; 
STS PROM: Society of Thoracic Surgeons Predicted Risk of Mortality
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HAEMODYNAMICS
At discharge, the mean aortic valve gradient (AVG) was 
7.9±4.7 mmHg and the mean effective orifice area (EOA) was 
2.1±0.6 cm2 (Figure 4A). The secondary endpoint of no or trace 
AR was 59.2% (one-sided 97.5% lower confidence limit of 
55.1%), as compared to the performance goal of 67.1% (p>0.99), 
and was not met. The rate of moderate or severe AR was 1.8% 
(Figure 4B). Severe PPM was present in 17 patients (4.4%), with 
no differences in the distribution of the severity of PPM between 
men and women.

Discussion
We report 30-day procedural and clinical outcomes from the 
FORWARD PRO study, the largest study of the Evolut PRO valve 
with independent echocardiographic core laboratory assessments 
and independent CEC-adjudicated results. Key findings include 
lower than expected all-cause mortality of 3.2%, a low disabling 
stroke rate of 2.9%, a low major vascular complication rate of 
3.0% and favourable aortic valve haemodynamics, with an AVG 
of 7.9±4.7 mmHg and EOA of 2.1±0.6 cm2, and moderate or 
severe AR of 1.8%. However, the predefined performance goal of 
no or trace AR was not met.

The 30-day mortality rate of 3.2% in our study was significantly 
lower than the pre-specified performance goal of 5.5%, and lower 
than the STS PROM of 4.7±3.3%. This was comparable to reports 
of self-expanding and balloon-expandable valves in intermediate-
risk patients3,6,14.

The addition of an outer pericardial wrap to mitigate PVL 
increased the device outer diameter by two Fr sizes (currently 
16 Fr equivalent). Despite this, the rate of major vascular com-
plications remained low at 3.0%. This was lower than previous 
reports from real-world use of the Evolut R in the FORWARD 
study (6.5%)14 or the SAPIEN 3 valve (Edwards Lifesciences, 
Irvine, CA, USA) in the SOURCE 3 Registry (4.1%)16. This may 
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be due in part to the smaller outer diameter and resultant trauma 
caused by advancing the delivery system “sheathless”, using the 
InLine delivery system in most patients (85.9%) and increased 
operator experience in managing vascular access. The rate of life-
threatening or disabling bleeding was also low (3.3%).

It has been hypothesised that the external pericardial wrap 
could lessen desired friction when interacting with the sur-
rounding tissue, resulting in reduced stability of the valve dur-
ing deployment. However, the proportion of patients in whom 
the resheath/recapture feature was used in the FORWARD 
PRO study was 29.3%, comparable to that reported from the 
FORWARD study of the Evolut R valve (25.6%)14. Additionally, 
the incidence of valve embolisation or migration was similar in 
this study of the Evolut PRO valve (0.5%) and in the FORWARD 
study of the Evolut R valve (0.9%). There were no patients who 
required a repeat procedure. All these observations would sug-
gest that the stability of the Evolut PRO system is not affected 
by the pericardial wrap.

A disabling stroke was observed in 18 patients (2.9%) in the 
present study which is a similar rate to other contemporary TAVI 
studies of the same valve8,14. The rate was 1.4%, 3.2% and 1.2% 
in the FORWARD study, Placement of Aortic Transcatheter 
Valves (PARTNER) 2 trial and the Surgical Replacement and 
Transcatheter Aortic Valve Implantation (SURTAVI) trial, respec-
tively3,6,14. There were no strokes in patients treated using an 
embolic protection device; however, the numbers are too small 
to draw meaningful conclusions. Coronary artery occlusion was 
reported in one patient. There was no incidence of annular rupture 
or valve thrombosis observed in the FORWARD PRO study.

HAEMODYNAMIC ASSESSMENTS
All AV echocardiographic measures in the FORWARD PRO study 
were core laboratory assessed. Previous generations of the self-
expanding supra-annular valve have produced excellent haemo-
dynamics post deployment, with discharge AVG and EOA in the 
CoreValve US Pivotal Extreme Risk Trial of 9.6±4.4 mmHg and 
1.9±0.6 cm2, respectively17. Similar findings were observed in 
the FORWARD study using the Evolut R valve (8.5±5.6 mmHg 
and 1.9±0.6 cm2, respectively)14. It has been hypothesised that 
the external wrap on the Evolut PRO device could adversely 
impact the forward flow haemodynamics. Reassuringly, we 
observed low AVGs (7.9±4.7 mmHg) and EOAs (2.1±0.6 cm2) 
in our study, consistent with other reports of the Evolut PRO 
valve7,8. Moreover, most patients had mild or less pre-discharge 
PVL (98.4%). These findings are similar to those observed in the 
FORWARD study which reported 98.1% of patients with mild or 
less AR. This present study, however, did not meet its secondary 
endpoint of no or trace AR at discharge (59.2%) as compared 
to the performance goal of 67.1% (p>0.99), which was based 
on the results of the FORWARD study that evaluated the earlier 
Evolut R valve. This is similar to a single-centre report from 
Germany comparing 148 Evolut R valve patients with 74 Evolut 
PRO valve patients18 but contrary to the findings of the smaller 

US Evolut PRO study, where initial experience in 60 patients 
demonstrated no/trace PVL in 72.4% of patients7. Possible rea-
sons for this difference in this study may include the following. 
1) Degree of annular calcification and distribution – the signi-
ficantly larger and less selected cohort of patients would have 
included a more heterogeneous group of patients, with greater 
calcification burden, impacting adversely on the PVL observed. 
2) More patients in the Forrest et al cohort underwent predilation 
as compared to this study (52% vs 34%), while the rate of post-
dilation was similar (27% vs 31%) (perhaps predilation improves 
device contact with the surrounding anatomy and resultant seal). 
3) Assessment of PVL/AR was extremely sensitive in the cur-
rent study; the differentiation between trace and mild AR is dif-
ficult to make. The addition of an external pericardial wrap on 
the Evolut PRO valve did not adversely affect the new post-
TAVI pacemaker rate of 20.7%. Previous generations of this 
device, by adhering to “best practice” to reduce conduction dis-
turbances, have reported permanent pacemaker rates of 21.6% 
with the CoreValve® bioprosthesis (Medtronic)17 and 17.5% with 
the Evolut R valve14. The new PPI rate reported here could also 
be due to a large (30%) proportion of patients with pre-existing 
conduction disturbances.

Study limitations
FORWARD PRO is a real-world, contemporary standard prac-
tice study. Patient selection bias could have been introduced into 
the study as selection was based on local Heart Team evaluation. 
The utilisation of an independent echocardiographic core labo-
ratory and independent CEC adjudication, however, ensured the 
unbiased verification of the echocardiographic data and clinical 
events.

Conclusions
The 30-day results of the FORWARD PRO study, evaluating the 
Evolut PRO valve, support its safety and clinical effectiveness in 
treating symptomatic patients with severe aortic stenosis at inter-
mediate, high or greater risk for surgical aortic valve replacement. 
Longer-term follow-up will be required to evaluate these findings 
further.

Impact on daily practice
Our analysis from the FORWARD PRO study reports a low 
rate of the primary endpoint of all-cause mortality (3.2%) 
with real-world use of the Evolut PRO valve, which can be 
resheathed and/or recaptured to aid in accurate valve position-
ing. This valve also has an outer pericardial wrap with the 
intention of reducing PVL. In our study, only 1.6% of patients 
had moderate or severe PVL at discharge. It is also recog-
nised that the PVL rates observed with this genre of valve 
may improve with time. Longer-term follow-up data will help 
further evaluation of the safety and efficacy profiles and PVL 
rates of this novel device.
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