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Abstract

Background: The use of transcatheter aortic valve implantation (TAVI) for treating

aortic stenosis (AS) has increased exponentially in recent years. Despite the availabil-

ity of clinical practice guidelines for the management of valvular heart disease, dispar-

ities in quality of care (QoC) for TAVI patients remain widespread across Europe.

Tailored QoC measures will help to reduce resource utilization and improve patient

outcomes without compromising patient safety. Using a clear set of QoC measures,

the BENCHMARK registry aims to document the progress that can be achieved if

such tailored QoC measures are implemented.

Methods: The BENCHMARK registry (BENCHMARK) is a non-interventional, mul-

ticenter registry in patients with severe symptomatic AS undergoing TAVI with a

1- and 12-months follow-up. BENCHMARK will be conducted at 30 centers

across Europe and will enroll a total of 2400 consecutive TAVI patients. Patients

suffering from severe symptomatic AS who undergo TAVI with a balloon-

expandable transcatheter aortic valve will be included. The registry will comprise

four phases: (1) a retrospective baseline evaluation phase; (2) an education phase;

(3) an implementation phase; and (4) a prospective effect documentation phase

(prospective phase). The registry's primary objectives are to reduce the length of

hospital stay and accelerate the post-procedural patient recovery pathway, but

without compromising safety. The study started in April 2021 and has an esti-

mated completion date of May 2023.

Discussion: BENCHMARK will establish QoC measures to reduce resource utiliza-

tion, intensive care unit bed occupancy, and overall length of hospitalization with
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Highlights

• The BENCHMARK registry is a non-interventional, multicenter international

registry.

• A total of 2400 patients with severe AS will be enrolled at 30 European centers.

• The registry is designed to be partly retrospective and partly prospective.

• The BENCHMARK registry will help to improve TAVI QoC standards across

Europe.

1 | INTRODUCTION

Transcatheter aortic valve implantation (TAVI) has emerged as stan-

dard of care for patients suffering from severe, symptomatic aortic

stenosis (AS), irrespective of the level of surgical risk.1–5 Since its

introduction almost two decades ago,6 an evolving understanding of

patient and prosthesis selection, increased peri-procedural expertise,

and advances in valve technology have contributed to improved out-

comes and patient access to TAVI.7

As a consequence of TAVI indications expanding to younger and

lower-risk patients, there has been a clear shift in interest toward

reducing healthcare resource utilization, and identifying factors likely

to predict potential futility of the procedure5,8–10 For example, a mini-

malist approach to help reduce procedure waiting times, resource use

and costs, length of hospital stay, and staff workload.11,12 Local pro-

grams that incorporate procedural algorithms to simplify the TAVI

care pathway have been developed by many centers.8,12–15 However,

the quality of care (QoC) for TAVI patients across Europe remains

highly variable, particularly in terms of effective screening and patient

discharge/follow-up management.16,17 A unified strategy is warranted

to ensure that all patients receive consistent pre-, peri- and post-TAVI

care and optimized outcomes.18

To achieve standardized QoC, some centers of excellence have

introduced a dedicated coordinator or TAVI nurse to ensure a stream-

lined care pathway for all patients.19,20 The TAVI coordinator/nurse

helps to manage the procedural program for individual patients while

maintaining seamless communication with the Heart Team through-

out the patient care journey, making the process more streamlined.19

One of the TAVI coordinator's roles is to ensure that all relevant

screening results (e.g., echocardiography, computed tomography

[CT] imaging scans, coronary angiogram, blood tests, etc.) are distrib-

uted to all members of the Heart Team promptly to inform patient dis-

cussion and to prevent delays in Heart Team recommendations.5

Lauck et al.19 endorse this coordinated, streamlined approach to

reduce the length of hospital stays and appropriately distribute

healthcare resources. The recent multicenter European Feasibility and

Safety of Early Discharge After Transfemoral TAVI (FAST-TAVI)21,22

and Vancouver 3M (multidisciplinary, multimodality, but minimalist)

transfemoral transcatheter aortic valve replacement (TAVR) stud-

ies17,23–25 have shown that adhering to a minimalist strategy, with

optimized criteria for risk assessment and patient discharge manage-

ment, results in a more efficient care pathway, thus reducing the

length of hospital stay and enabling a safe and timely discharge for

patients. Furthermore, these studies have gained added importance

recently due to the unprecedented stress on healthcare resources

caused by the Coronavirus disease (Covid-19) pandemic.19,26

A consistent pre-, peri-, and post-procedural management strat-

egy is essential to improve QoC for TAVI patients. Implementing a tai-

lored set of QoC measures as a benchmark for best practice will

further reduce resource utilization, intensive care unit (ICU) bed occu-

pancy, and overall length of hospitalization without compromising

patient safety post-TAVI. The BENCHMARK registry aims to docu-

ment the progress that can be achieved in clinical practice if consis-

tent QoC measures are initiated in TAVI centers and the rationale for

this study is supported by the FAST TAVI, the French FAST TAVI

1 and Vancouver 3M TAVR studies.13,14,17,21,22

2 | METHODS/DESIGN

The BENCHMARK registry (ClinicalTrials.gov Identifier: NCT04579445) is

a non-interventional, multicenter, international registry that will enroll

patients with severe symptomatic AS undergoing transfemoral (TF) TAVI

at 30 centers across Europe (Austria, Czech Republic, France, Germany,

Italy, Romania, Spain). Each participating center should have a TAVI coor-

dinator in place. The registry will be conducted according to the

European Medical Device Regulations and International Organization for

Standardization (ISO 14155:2020) and the ethical principles originating
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from the Declaration of Helsinki. All participants will provide written

informed consent before enrolling in the registry. The protocol and

patient informed consent forms will be approved by the local Institutional

Review Board (IRB)/Independent Ethics Committee (IEC) at each center

prior to initiation of the registry.

2.1 | Study design

The BENCHMARK registry will document the effect of introducing tai-

lored BENCHMARK QoC measures (Table 1) into TAVI centers using four

distinct phases: Retrospective baseline evaluation phase, education phase,

implementation phase, and prospective effect documentation phase

(Figure 1). For the baseline evaluation phase (retrospective phase), each

center will retrospectively document 30 consecutive patients (N = 900)

undergoing transfemoral TAVI with a balloon expandable transcatheter

aortic valve before introducing the BENCHMARK QoC measures. The

TAVI procedure and patient discharge within this phase must have been

performed prior to the first educational phone call. For each patient,

follow-up data after 1 and 12 months will be recorded. In the education

phase, each center will identify a defined leadership team

(i.e., multidisciplinary heart team) to undergo online education on the

BENCHMARK QoC measures and best practices. A detailed description

of the education phase is shown in Figure 2. During the Implementation

Phase, consisting of a 2-month time window, each center will introduce

the tailored QoC measures into their hospital routine. Follow-up calls will

be arranged between the BENCHMARK education team and each center

every 2 weeks to offer assistance with regard to implementation

progress. Finally, each center will prospectively enroll 50 consecutive

patients (N = 1500) undergoing TAVI after completing the education and

implementation phases. This prospective phase is estimated to be

20 months duration overall, with up to 8 months for patient recruitment

and 12 months follow-up for the last patient included.

2.2 | Patients

A total number of 2400 patients aged ≥18 years old with symptomatic

AS who undergo TF TAVI with a balloon-expandable transcatheter

aortic valve will be included. Approximately 900 consecutive patients

will be documented in the retrospective baseline evaluation phase

(30 per center) and 1500 patients in the prospective phase (50 per

center). The sample size estimate is based on the ability to discrimi-

nate any changes in outcomes between the retrospective baseline

evaluation phase and the prospective effect documentation phase.

All patients irrespective of transcatheter valve type or access

route, will be documented in an electronic case report form (eCRF)

based patient logbook. A defined core data set will be collected for all

patients (mortality, stroke, time of discharge/length of hospital stay,

readmission).

2.3 | Inclusion and exclusion criteria

In the baseline evaluation phase, inclusion criteria included

patients of at least 18 years of age, consecutive patients with

TABLE 1 BENCHMARK QoC measures

BENCHMARK QoC measures Implementation description

1. Education of patient and family The patient, and if the patient is not independent, at least one family member or carer is

involved in the patient-education, and discharge provision is discussed with them prior

to the procedure.

2. Education and alignment of the internal team

(medical and paramedical)

At least one joint meeting per year is organized to educate all staff involved in the

diagnostics, post-procedural care and intervention of patients with severe AS.

3. Determination of an anticipated discharge date at

admission based on pre-procedural risk

stratification and scheduling of post-procedural

diagnostics accordingly

Anticipated discharge date is determined at admission, and post-procedural diagnostics

are scheduled accordingly.

4. Echo- or angiographic check at the end of

procedure is performed to confirm proper closing

of access site and proper management of all

complications is done immediately

Echo- or angiographic check is performed in the hybrid room, and even minor vascular

complications are treated immediately.

5. Early mobilization of the patient Mobilization of the patient with the help of a nurse is done 4–6 h after the intervention in

absence of complications.

6. Using a decision tree to determine the need for

new pacemaker implantation without increasing

hospital stay

Detailed decision tree with required diagnostic work-up is in place and has been followed

for each patient.

7. Daily visit to patient by implanter and interaction

with rest of the team

At least one daily visit of the patient is being done by a TAVI implanter (team) during

hospitalization from the day before the intervention up to patient discharge.

8. Criteria based discharge Early discharge decision protocol (or checklist) is in place and is followed for each patient.

Note: The 8 BENCHMARK QoC measures are rated 0%–100%.

Abbreviations: AS, aortic stenosis; Echo, echocardiogram; PPM, permanent pacemaker implantation; QoC, quality of care.
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severe symptomatic AS who underwent transfemoral TAVI with a

balloon-expandable transcatheter aortic valve prior to the center

education on BENCHMARK QoC measures, and if the patient was

scheduled to undergo 30-day and 12-month follow-up visits.

Patients were excluded from the Baseline Evaluation Phase if their

data was incomplete respect to the aims of the registry (length of

hospital stay, time on the ICU), they did not provide informed con-

sent, or were pregnant (Table 2).

In the Prospective Effect Documentation Phase, the inclusion

criteria were patients of at least 18 years of age, consecutive patients

with a diagnosis of severe symptomatic AS admitted for transfemoral

TAVI with a balloon-expandable transcatheter aortic valve after cen-

ter education on BENCHMARK QoC measures/after the center had

passed the Implementation Phase, and the patient is scheduled to

attend follow-up visits at the center 30 days and 12 months after the

procedure. Patients were excluded from the Prospective Effect Docu-

mentation Phase if they did not provide informed consent or were

pregnant (Table 2).

Patients undergoing valve-in-valve procedures or repeat TAVI will

not be included in the registry.

2.4 | Data collection

Clinical outcome data collected will be based on the center's standard

of care for TAVI. Data will be collected according to the timetable set

out in Table 3, and include physical assessments, medical history and

symptoms, diagnostics, electrocardiography (ECG), echocardiography

(Echo), hospitalization and procedural duration, safety parameters,

QoL measures, satisfaction surveys, as well as resource utilization

parameters. Data will be captured in an eCRF by either a study nurse

or physician, and the registry sponsor will check all data for plausibility

and completeness.

2.5 | Registry objectives

The primary objective of the BENCHMARK registry is to document

the effect of introducing tailored BENCHMARK QoC measures into

TAVI centers to (1) decrease length of hospital stay; and (2) reduce

the need for ICU capacity. Secondary objectives will be to streamline

diagnostics, minimize staff workload allowing timely delegation of

F IGURE 1 Registry design (retrospective baseline evaluation phase, education phase, implementation phase and prospective effect
documentation phase). The registry comprises four phases: (1) A retrospective baseline evaluation phase—this phase is the current status quo and
includes documentation of treatment pathways and endpoints of “routine” patients. (2) An education phase, which phase provides education on
the BENCHMARK quality of care measures and involves the self-assessment of centers. (3) An implementation phase, which aims to improve
routine hospital quality of care measures. (4) A prospective effect documentation phase—this phase documents the impact of implemented
BENCHMARK quality of care measures on treatment pathways, outcomes, safety, and resource utilization. Note, each participating center should
have a non-physician TAVI coordinator in place. QoC, quality of care; TAVI, transcatheter aortic valve implantation
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responsibilities, ascertain uncompromised patient safety post-TAVI

(VARC-2 defined early and time-related valve safety), improve patient

quality of life (QoL), patient and staff satisfaction, and improve the

implementation of BENCHMARK QoC measures by each center over

time. A full description of the primary and secondary objectives of the

BENCHMARK registry is provided in Table 4.

2.6 | Statistical analysis

Statistical analysis will be performed for the total registry population

as well as for defined subgroups if applicable. Continuous variables

will be presented as mean ± SD or median with interquartile range,

and categorical variables (e.g., gender) will be reported as frequencies

and percentages. The Kolmogorov–Smirnov test may be used to test

for normal distribution. For comparison, χ2 test or Fisher's exact

test may be used for categorical variables, and t test or Mann-

Whitney U test for continuous variables. Linearized rates and actuarial

probability statistics may be used where appropriate for adverse

event reporting. Kaplan–Meier analysis may be performed for survival

and safety outcomes. All statistical analyses will be performed using

IBM SPSS Statistics version 24 (IBM, Armonk, New York) or R Core

Team (https://www.R-project.org/).

3 | DISCUSSION

The BENCHMARK registry has been designed to document the effect

of introducing tailored BENCHMARK QoC measures into TAVI cen-

ters. Analysis of the data gathered may provide additional insights to

F IGURE 2 Education pathway (BENCHMARK QoC measures). Pathway stages 1–4: (1) center self-assessment is performed prior to the
online education seminar; (2) online center education on BENCHMARK QoC measures will be arranged by the education team (including the local
steering committee member and/or the PI team and the registry management team). A minimum of 3 TAVI Team members, having been
identified as a leadership team (TAVI coordinator and further staff members per site), will attend the seminar; (3) a post-QoC education call to
discuss the self-assessment results and write a final action plan with the leadership team will be arranged 1 week after the education seminar; and
(4) a follow-up call will be arranged to review center progress on BENCHMARK QoC implementation. PI, principal investigator; QoC, quality
of care
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further refine and improve QoC measures and best practices for the

effective management of patients with severe AS. The knowledge

acquired from the BENCHMARK registry dataset will help to stan-

dardize care pathways and treatment outcomes for TAVI patients

across Europe.

3.1 | Studies that support the BENCHMARK
registry

Results from the European FAST-TAVI study support the BENCH-

MARK registry and show that the use of a pre-defined set of QoC

measures can lead to reduced use of medical resources, improved

QoL, and optimized patient outcomes.21,22 FAST-TAVI is a real-world,

observational, prospective trial designed to assess early discharge fea-

sibility and safety after transfemoral TAVI (TF-TAVI).22 Patients

(N = 502) with severe AS scheduled to undergo TF-TAVI with a

balloon-expandable transcatheter heart valve were enrolled from ten

sites in Italy, the Netherlands, and the United Kingdom.22 FAST-TAVI

provides evidence that close monitoring, early mobilization and acceler-

ated reconditioning, and discharge planning should be included in the

TAVI program since these are important aspects of QoC.19 By adhering

to the FAST-TAVI discharge criteria, patients that were appropriately dis-

charged early had a lower risk of TF-TAVI-related complications, such as

all-cause mortality, vascular complications (0.3% vs. 4.7%; p = .004), per-

manent pacemaker implantation (4.3% vs. 15.9%; p < .001), stroke (0.0%

vs. 2.8%), and major bleeding at 30 days (0.3% vs. 6.5%; p < .001).22 The

primary endpoint (a composite of all-cause mortality, vascular access–

related complications, permanent pacemaker implantation, stroke, cardiac

rehospitalization, kidney failure, and major bleeding) was reached in 27%

of patients (95% confidence interval [CI]: 23.3, 31.2) within 1-year post-

procedure.16 Moreover, only 7.5% (95% CI: 5.5, 10.2) had in-hospital

complications before discharge and 19.6% (95% CI: 16.3, 23.4) within

1 year after discharge.16 This study highlights that adoption of simple,

standardized TAVI-specific QoC measures can help select patients for

early discharge without impacting on clinical outcome.21,22

The results of the European FAST-TAVI project are supported by the

outcomes of the French FAST-TAVI 1 study,13,14 which is a prospectively

assess the feasibility and safety of within 72 hours discharge after trans-

femoral TAVI. Patients were prospectively assessed for early discharge

home. Death or repeat hospitalization within 30 days occurred in 4 cases

(5%) among patients discharged early. Factors associated with delayed

discharge were blood transfusion (HR 13.85, 95% CI 1.61–119.40) and

pacemaker implantation (HR 4.47, 95% CI 1.34–14.26). The authors con-

firmed the conclusion of the European FAST-TAVI in that early discharge

is safe and attainable in a large proportion of patients. The follow-up

study, FAST-TAVI 2, is currently ongoing.

Data from the Vancouver 3M TAVR study also provides evi-

dence that the BENCHMARK registry is feasible.17 Vancouver 3M

is a prospective, multicenter study to document the efficacy, feasi-

bility, and next-day discharge of patients undergoing contempo-

rary balloon-expandable transfemoral TAVR using the minimalist

Vancouver 3M Clinical Pathway approach. This clinical pathway

was created to standardize TAVR care and reduce hospital stay

length in a selected patient group; it includes measures such as

risk-stratified periprocedural practices, post-procedure care, and a

criteria-driven discharge algorithm.17 Patients were screened

(N = 1400) at 13 low-, medium-, and high-volume North American

centers between March 2015 and April 2017, of which 411 were

enrolled with a median age of 84 years.17 The Vancouver 3M

TAVR study results also demonstrated that a streamlined TAVI

pathway allows for next-day discharge home, with reproducible

TABLE 2 BENCHMARK inclusion/exclusion criteria

Inclusion criteria Exclusion criteria

Baseline evaluation phase

• Patient is at least 18 years old

• Consecutive patients with severe symptomatic AS who underwent

transfemoral TAVI with a balloon-expandable transcatheter aortic

valve prior to the center education on BENCHMARK Quality of

Care measures (prior to the pre-Quality of Care education call)

• Patient is or was scheduled to undergo 30 days and 12 months

follow-up visits (30 days and 12 month follow-up: hospital visit or

phone call)

• Patients with largely incomplete data with respect to the aims of

the project.

• Patients without signed informed consent/data protection

statement (unless otherwise agreed by the local Institutional

Review Board/Independent Ethics Committee)

• Pregnancy at time of the TAVI

Prospective effect documentation phase

• Patient is at least 18 years old

• Consecutive patients with a diagnosis of severe symptomatic AS

admitted for transfemoral TAVI with a balloon-expandable

transcatheter aortic valve after center education on the

BENCHMARK Quality of Care measures/after the center has passed

the Implementation Phase.

• Patient is scheduled to attend follow-up visits at the center 30 days

and 12 months after the procedure (both visits taking place in the

hospital)

• Patients without signed informed consent/data protection

statement (according to requirements of local Institutional

Review Board/Independent Ethics Committee)

• Pregnancy at time of the TAVI

Abbreviations: AS, aortic stenosis; TAVI, transcatheter aortic valve implantation.
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TABLE 4 BENCHMARK registry objectives

Primary objectives

Reduction in length

of hospital stay

To reduce the length of hospital stay (door to needle, needle to door, overall stay) in order to reduce

overall costs based on hospitalization, and to enable early return to normal life:

• Separate single hospitalization for diagnostics

• Door to needle (days)

• Needle to door (days)

• Timely discharge to home, rehabilitation center or other institution

• Economic effect assessment associated with hospitalization changes after implementation of

BENCHMARK QoC measures

Reduction of the need

for ICU capacity

To accelerate the post-procedural patient care recovery pathway:

• Minimize/eliminate time spent in the recovery room, ICU, CCU or IMC and prioritize a rapid

return to general ward, in order to reduce the level of invasiveness of post procedural care (e.g.,

with regard to COVID-19):

� Time spent in the recovery room (hours)

� Time spent on the ICU (hours)

� Time spent on the CCU (CCU) (hours)

� Time spent on the IMC (hours/days)

� Time spent on the general ward (hours/days)

Secondary objectives

Streamlining of diagnostic and procedural

times

To streamline diagnostics to avoid duplication of diagnostic measures and to tighten schedules:

• Proportion of repeated diagnostic procedures

• Patient status assessment: physician versus nurse/coordinator

To reduce the procedural time without compromising patient safety post TAVI:

• Time between incision and sheath removal (min)

• Time between entering and leaving the OR/catheterization laboratory/hybrid room (min)

Reduce the use of human resources, patient

flow optimization

To reduce staff workload and to perform timely delegation of responsibilities to minimize the

physiciansˈ workload:

• Working hours per patient collected from physicians, nursing staff, medical technical assistant,

TAVI coordinator

• Economic assessment of working hours needed

To increase number of patients with severe AS undergoing TAVI per day to reach higher hospital

efficiency:

• Mean number of interventions performed per day/per week (on center level)

Maintenance of patient safety To ascertain uncompromised safety post TAVI, by successful TAVI performance and reduced

procedural complications:

• Device success and procedural complications:

� Device success

� Conduction disturbance

� Pacemaker implantations

� Conversion to open heart surgery

� Moderate or severe paravalvular leak

• Safety at 30 days and 12 months (VARC-2)27:

� Mortality (cardiac/non-cardiac)

� Stroke/TIA

� Major vascular complications

� PPM (at 30 days)

� (Cardiac) hospital readmission

• Number and type of adverse events:

� Economic assessment with regard to avoided TAVI associated complications

Improvement of patient QoL as well as

patient and staff satisfaction

To improve patient QoL and satisfaction, to achieve relief of staff workload, and to make sure that

improved structures are translated into patient relevant outcomes:

• Patient QoL assessment (TASQ)

• Patient satisfaction (tailored survey)

• Physician/Coordinator satisfaction (tailored survey)

Improved QoC by implementation of

BENCHMARK QoC measures

To increase the implementation progress of the BENCHMARK QoC measures per center over time to

document the structural achievement in the patient pathway (center self-assessment on a monthly

basis, patient based assessment in the eCRF):

• Rating of 8 BENCHMARK QoC measures (rating 0%–100%)

Abbreviations: AS, aortic stenosis; CCU, Coronary Care Unit; eCRF, electronic case report form; TAVI, transcatheter aortic valve implantation; ICU,

intensive care unit; IMC, immediate care; OR, operating room; PPM, permanent pacemaker implantation; Pts, patients; QoC, quality of care; QoL, quality of

life; TASQ, Toronto Aortic Stenosis Quality of Life Questionnaire; VARC-2, Valve Academic Research Consortium-2 consensus document.
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efficacy and safety outcomes.17 The composite primary endpoint

of all-cause mortality or stroke by 30 days occurred in 2.9% (95%

CI: 1.7%, 5.1%) of patients.17 Notably, 80.1% of the elderly

patients achieved next-day discharge home, of which 89.5% were

discharged home within 48 hours post-procedure.17

Such is the importance of standardizing and streamlining care

associated with the TAVI procedure that other countries and centers

are reviewing possible initiatives, including the Canadian Cardiovascu-

lar Society Quality Initiative, the TAVI Care and Cure program devel-

oped in Rotterdam, and the European IMPULSE registry.28–31 In

addition, the guidelines from the European Society of Cardiology and

the European Association for Cardio-Thoracic Surgery support the

QoC initiatives for patients undergoing TAVI, with the focus on

patients being treated at heart valve centers/centers of excellence to

deliver the best QoC for patients.5

The BENCHMARK registry will further support the findings from

these studies, and determine potential cost savings and improvements

in QoC that can be adopted as the new benchmark.

3.2 | Potential limitations

The BENCHMARK registry will be conducted in multiple centers in seven

European countries, which increases the applicability of findings but might

limit the generalizability of the results across wider territories. Further-

more, not all patients having TAVI will be eligible for this registry. It is

important to consider that inter- and intra-country variation in healthcare

systems and resources may have an unintended impact on the registry

dataset. Due to the lack of central adjudication of safety events, the

assessment of endpoints may be inconsistent between centers. This regis-

try is not randomized and, as a result, there is the potential for con-

founding and bias in the analysis with limited ability for adjustment. In

addition, we expect that length of stay will also decline in hospitals in gen-

eral, but probably to a lesser extent. However, it is hoped that

implementing standardized BENCHMARK QoC measures will minimize

any bias owing to possible differences in healthcare systems.

4 | CONCLUSIONS

Practice and patient outcomes in TAVI vary widely across TAVI cen-

ters in Europe and internationally, partly because QoC benchmarks

for patient selection and discharge remains unclear. Several real-world

studies have already shown that streamlining care pathways, for

example, appropriate early discharge home, can reduce resource utili-

zation and improve patients' outcomes.13,14,17 The BENCHMARK reg-

istry will enable the next steps toward standardizing benchmark QoC

measures in TAVI centers across Europe and worldwide.
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