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Abstract—We describe the development, implementation, and evaluation of a standardized clinical pathway to facilitate safe 
discharge home at the earliest time after transfemoral transcatheter aortic valve replacement. Between May 2012 and October 
2014, the Heart Team developed a clinical pathway suited to the unique requirements of transfemoral transcatheter aortic 
valve replacement in contemporary practice. The components included risk-stratified minimalist periprocedure approach, 
standardized postprocedure care with early mobilization and reconditioning, and criteria-driven discharge home. Our aim 
was to reduce variation in care, identify a subgroup of patients suitable for early discharge (≤48 hours), and decrease 
length of stay for all patients. We addressed barriers related to historical practices, complex multidisciplinary stakeholder 
engagement, and adoption of length of stay as a quality indicator. We retrospectively reviewed the experiences of 393 
consecutive patients; 150 (38.2%) were discharged early. At baseline, early discharge patients had experienced less previous 
balloon aortic valvuloplasty, had higher left ventricular ejection fraction, better cognitive function, and were less frail than 
the standard discharge group (>48 hours). Early discharge was associated with the use of local anesthesia, implantation of 
balloon expandable device, avoidance of urinary catheter, and early removal of temporary pacemaker. Median length of 
stay was 1 day for early discharge and 3 days for other patients; 97.7% were discharged home. There were no differences 
in 30-day mortality (1.3%), disabling stroke (0.8%), or readmission (10.7%). The implementation of a transcatheter aortic 
valve replacement clinical pathway shifted the program’s approach to combine standardized processes and individual risk 
stratification. The Vancouver transcatheter aortic valve replacement clinical pathway requires a rigorous assessment to 
determine its efficacy, safety, and reproducibility.
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Goals and Vision of the Program
Transcatheter aortic valve replacement (TAVR) is a recommended 
treatment for inoperable and select higher surgical risk patients 
with severe aortic stenosis.1–3 In the first decade of therapy devel-
opment, careful case selection, increased periprocedural expertise, 
and enhanced technology have contributed to improved outcomes 
and patient access to TAVR.4,5 Interest is shifting from “How we 
do TAVR” to “How we care for TAVR patients” to further optimize 
outcomes, reduce health service utilization, and contribute to the 
sustained success of transcatheter heart valve therapies.6

Duration of hospital stay is an indicator of quality of care 
and a predictor of outcome in the elderly population.7 There is 
a significant variation in reported postprocedure length of stay 
(LOS) after TAVR, ranging from 1 to >10 days.8–10 Similar 
variation exists in patients’ disposition at the time of discharge; 
for example, the US Society of Thoracic Surgeons/American 
College of Cardiology Transcatheter Valve Therapy registry 
reported in 2015 that 67% of US patients were discharged 
home10 while other centers report 96%.6 Multiple factors are 
associated with variation in LOS and discharge home in older 
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people.11 In addition to disease and procedure-related factors, 
mediating mechanisms include age-related functional decline 
and deconditioning, exacerbated pre-existing disabilities, and 
hospital-acquired complications.12 Varying health systems, 
reimbursement, and cultural expectations are additional driv-
ers of variation in care. Health service processes are required 
to minimize the compounding effects of potential health vul-
nerabilities and facilitate patients’ safe transition home.13 Left 
unaddressed, these various factors can significantly worsen 
patient outcomes.14 Prominent health policy organizations, 
including the Joint Commission, the United States Centers of 
Medicare and Medicaid, and Institute of Medicine have iden-
tified an urgent need to focus research and practice recom-
mendations on strategies to reduce LOS.15,16

The Center for Heart Valve Innovation at St. Paul’s 
Hospital and Vancouver General Hospital, Vancouver Canada, 
has completed >1400 TAVRs since 2005. Between 2007 and 
2012, median LOS decreased from 7 to 4 days. In 2012, the 
multidisciplinary Heart Team, identified opportunities to adopt 
minimalist practices, standardize postprocedure care, decrease 
LOS, and facilitate safe discharge home through the design of 
a TAVR clinical pathway. Developed as a quality improvement 
initiative, the objectives were to (1) implement risk-stratified 
periprocedural minimalist practices, (2) reduce the variation in 
care after transfemoral (TF) TAVR, (3) identify a subgroup of 
patients potentially suitable for early discharge (EDC) home 
(≤48 hours), and (4) reduce overall LOS for all patients.

We report on the implementation of practice changes 
involving the transition to risk-stratified minimalist periproce-
dure practices, the development of standardized postprocedure 
care, and the use of criteria-driven discharge implemented for 
the purpose of improving the quality of TAVR care. The aim 
was to demonstrate that a subgroup of patients suitable for safe 
EDC (≤48 hours) could be identified, whereas the optimization 
of care could benefit patients requiring a longer LOS (standard 
discharge [SDC] >48 hours). Although individual risk stratifica-
tion was performed at the time of eligibility assessment, a priori 
assignment to EDC was not done. The timing of discharge was 
contingent on functional characteristics, periprocedural out-
comes, early recovery, and readiness for transition home.

Local Challenges in Implementation
The challenges associated with implementing the TAVR clini-
cal pathway were related to the program’s historical develop-
ment and practices, the complexity of stakeholder engagement, 
and the adoption of LOS as a program quality indicator.

The first successful transcatheter transarterial and trans-
apical balloon expandable TAVR were performed at St. Paul’s 
Hospital in 2005.17,18 In the ensuing 4 years, 212 procedures 
were completed. These early days of therapy development 
were accompanied by significant learning, and the adoption 
of practices informed, in part, by cardiac surgery. Between 
2009 and 2010, in the 137 patients who underwent TF TAVR 
with percutaneous access and closure, the rate of major vas-
cular complication, major bleeding, and unplanned surgery 
decreased from 8% to 1%, 14% to 1%, and 28% to 2%, respec-
tively.19 The novel nature of the procedure, early challenges, 
and the advanced age, health vulnerabilities and high care 
needs of the patient population contributed to the progressive 

involvement of increasing number of periprocedural personnel 
(eg, perfusion services, operating room, and cardiac catheter-
ization laboratory [CCL] nursing staff and technologists) and 
postprocedural care providers (eg, physiotherapy, occupational 
therapy, speech, and language pathology). This historical blue-
print and institutional memory marked by the challenges asso-
ciated with the pioneering accomplishments, created a barrier 
to adapting clinical practice to improved case selection, TAVR 
technology, advances in imaging, and shorter procedure times. 
In part, this barrier was overcome by the expansion of the pro-
gram to the CCL of Vancouver General Hospital, a sister site. 
The opportunity to build on the program’s successes and pro-
cedural expertise in a new area of care afforded the Heart Team 
a clean slate, a unique chance to redesign the processes of 
care to facilitate EDC while maintaining excellent outcomes. 
Subsequent learnings were shared among the 2 sites of the pro-
gram, facilitated by the common implanting physicians, and a 
goal of standardized care across all sites of the program.

The complexity of the stakeholders and disciplines engaged 
in the care of TAVR patients compounded the operational chal-
lenges of implementing minimalist periprocedure practices and 
facilitating EDC home. In 2012, there was a limited evidence 
available to guide the transition from general to local anesthe-
sia, or avoid the use of transesophageal echocardiography to 
guide device deployment. Similarly, the expectation of a post-
procedure journey inclusive of critical care monitoring for 24 to 
48 hours, and gradual reconditioning on a telemetry ward was 
driven by concerns for the safe recovery after valve replace-
ment in the frail elderly. These barriers were addressed through 
operationalizing an expanded Heart Team approach (Figure 1). 
The forum of the monthly multidisciplinary TAVR Care Team 
and the biannual TAVR Quality Report meetings enabled dis-
cussions to pursue the operational and practice issues related to 
the quality improvement initiative.

Finally, highlighting the importance of LOS and safe transi-
tion home as a quality indicator, and a suitable target for quality 
improvement across areas of care was championed by clinicians, 
administrators, and funders in keeping with the recommendations 
of the British Columbia Ministry of Health for improving quality 
of care.20 Although LOS is not included in the widely adopted 
standardized Valve Academic Research Consortium outcomes 
guiding the evaluation of TAVR,21 there is an ample evidence that 
stresses that shorter LOS is associated with improved outcomes 
in the elderly.7,11–13 Similar to the principles of as low as reason-
ably achievable used in the quality improvement of procedures 
requiring radiation,22 our intent was to target LOS as an indicator 
of multiple efforts aimed at optimizing patients’ journey of care.

Design of the Initiative
A comprehensive clinical pathway that captures TAVR 
patients’ journey of care from admission to discharge was 
designed by the Heart Team.

Minimalist Periprocedure Practices
Risk stratification was conducted at the time of eligibility decision 
to determine individual periprocedure requirements.6 Comorbid 
burden, objective anatomic and functional criteria, and the avail-
ability of imaging reports were considered to determine individual 
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TAVR risk. Although all patients were considered at high surgi-
cal risk, lower TAVR risk patients were preferentially assigned to 
have the procedure in an adapted CCL, whereas a hybrid operating 
room was used for patients of varying risk profiles. Transfemoral 
vascular access and closure of the delivery catheter were obtained 
percutaneously. The use of a urinary catheter was avoided to miti-
gate complications.23 Decision about other invasive equipment, 
including the use of a central venous catheter or the side arm 
of the femoral venous sheath used for temporary pacing, or the 
insertion of a radial artery line, was determined by the anesthe-
siologist based on patient profile and practice preference. A local 
anesthesia/conscious sedation protocol was developed to reduce 
the risk of periprocedure disinhibition and agitation in the older 
TAVR population.24 If general anesthesia was required, patients 
were extubated in the procedure room. The temporary pacemaker 
was removed in the absence of new significant conduction delays. 
For procedures performed without transesophageal echocardiog-
raphy, transthoracic echocardiographic imaging was acquired 
before vascular access and repeat images after device deployment 
were obtained, or transthoracic echocardiography was performed 
within 12 hours after the procedure.

Postprocedure Standardized Care
The aim of the postprocedure pathway was to facilitate 
patients’ rapid return to their baseline status and discharge 
home by outlining the monitoring requirements, prescribing 
interventions to facilitate reconditioning, and guiding multi-
disciplinary communication, patient teaching, and discharge 
planning in the first 36 hours of recovery (Table 1).

Invasive monitoring equipment was discontinued expe-
ditiously. Early multidisciplinary communication of clinical 
variables that could affect patients’ capacity to remain treated 
under the directives of the pathway was standardized. These 

variables included hemodynamic instability, new intraventricu-
lar conduction delays, vascular access complications and uri-
nary retention not responsive to protocol-driven interventions, 
and other clinical findings such as changes in hemoglobin, renal 
function, altered neurological vital signs and signs of delirium.

Reconditioning to baseline status was facilitated by a 
nurse-led rapid mobilization and activity protocol. Hydration 
and nutrition guidelines were established. In the absence of 
complications, TAVR patients who were not discharged the 
next day were prioritized for expedited transfer out of the criti-
cal care area to a cardiac step-down/medical unit to focus care 
on reconditioning and discharge planning.

Criteria-Driven Discharge
Multidisciplinary discharge criteria were established (Table 2). 
EDC planning was incorporated in preprocedure preparation 
and patient/family teaching to outline recovery and LOS expec-
tations. Individualized plans for transition home were devel-
oped. Discharge teaching was initiated within 6 to 24 hours 
and reinforced before discharge. The educational components 
included vascular access site care, follow-up bloodwork and 
medical appointments, indications for emergent care, and activ-
ity and exercise prescription. Emphasis was placed on commu-
nication with primary and referring physicians, and processes to 
promote continuity of care. EDC patients were provided addi-
tional emergency contact information and guidelines.

Implementation of the Initiative
The Vancouver clinical pathway was implemented gradually 
during the course of 18 months, with the iterative input of stake-
holders, the monitoring of outcomes, and the development of 
formal protocols informed by program experience and emerging 
evidence. The changes in practice are summarized in Table 3.

Figure 1. Expanded heart team for the development of the Vancouver TAVR clinical pathway. TAVR indicates transcatheter aortic valve 
replacement.
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Table 1. Vancouver TF TAVR Postprocedure Clinical Pathway

0–6 H 6–12 H 12–18 H 18–24 H 24–36 H

Monitoring

Vital signs Q15 min×4
Q1 h×3

Q4 h

Note: If hypertensive in immediate postprocedure period, consider watchful waiting approach to facilitate return to baseline hemodynamic 
stability as directed by physician

Cardiac rhythm Continuous May discontinue for intermittent self-care

Note: Inform physician of any new intraventricular conduction delay

Vascular access Q15 min×4
Q1 h×3

Q4 h Q8 h

Neuro vital signs 
and Cincinnati 
Stroke Scale 
assessment

Q15 min×4
Q30 min×2
Q1 h×3

Q4 h

Pain and 
discomfort

Assess and treat access site and back/postural pain/
discomfort as required

No pain/discomfort anticipated

Note: Avoid opioids and sedative hypnotics to minimize risk of delirium; resume patient’s usual analgesia or sedation if possible; and 
maximize effectiveness of repositioning and early mobilization

Laboratory work 
and tests

12-lead ECG
eGFR and CBC

If local anesthesia procedure and TTE not done at 
end of procedure: TTE (bedside in unit if possible)

12-lead ECG
eGFR and CBC

Invasive monitoring 
equipment

Avoid urinary catheter

Monitor central venous and 
peripheral arterial catheters 
as per standard protocols

Remove central venous 
catheter
Remove peripheral 
arterial line

Maintain peripheral intravenous saline lock Remove peripheral 
intravenous saline lock 
before discharge home

Facilitated reconditioning

Mobilization and 
activity

Bed rest
Head of bed
Flat×2 h
Then ↑ at 30°

Implement progressive activity protocol:

Dangle to standing 
position at bedside
Transfer to commode
Mobilize short distance 
in room

Transfer to commode
Up in chair for meals
Mobilize short distance in room
Encourage self-care behavior
Mobilize short distance outside of room
Facilitate uninterrupted rest/sleep and return to 
diurnal cycle

Up in chair for meals
Mobilize for 5–10 min 
every 4–6 h
Encourage self-care 
behavior
Facilitate rest

Elimination Assess need for elimination Mobilize to commode or 
to standing position

Mobilize to commode 
or washroom

Mobilize to washroom with assistance

Note: Anticipate low-urine output in the early recovery period (usual low periprocedure fluid administration); avoid urinary catheterization to 
minimize risk of UTI, urinary retention, hematuria, and other complications; and consider intermittent catheterization if required (max. ×3)

Hydration NPO until hemostasis and 
confirmed clinical stability
IV 50–75 cc/h

If LVEF ≥50%: encourage fluids
If LVEF <50%: encourage fluids within limit of preprocedure fluid restrictions

Nutrition Light dinner up in chair Up in chair for all meals
Encourage nutritional intake and preferred foods
Goal: 3 meals and 1–2 snacks/24 h

Communication, patient teaching, and discharge planning

Communication Communicate early with the multidisciplinary team any clinical variables that may affect goals of care and 
to identify opportunities to maintain patient on clinical pathway

Patient teaching Provide patient teaching 
about maintaining vascular 
hemostasis

Provide coaching to support the facilitated reconditioning interventions (eg, 
motivation for mobilization)
Begin discharge teaching

Complete discharge 
teaching
Provide vascular access 
minor ooze dressing kit

Discharge planning Confirm discharge plan 
with patient and family

Assess readiness for 
discharge

Confirm discharge 
criteria

CBC indicates complete blood count; eGFR, estimated glomerular filtration rate; IV, intravenous; LVEF, left ventricular ejection fraction; NPO, nothing by mouth; TF 
TAVR, transfemoral transcatheter aortic valve replacement; TTE, transthoracic echocardiography; and UTI, urinary tract infection.
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In the periprocedure phase, the varying practice preferences 
of the anesthesiologists who support TAVR was recognized; the 
decision about the mode of anesthesia and the use of invasive 
monitoring lines was made by individual anesthesiologists in 
collaboration with the implanting cardiologists. Over time, there 
was a shift from performing 1 of 4 cases under local anesthesia, 
to the practice becoming the default protocol for most patients. 
The support of the echocardiology group was pivotal to develop 
alternative echocardiographic assessment, including obtain-
ing a transthoracic echocardiography at the completion of the 
procedure. The increased reliance on computed tomography in 
the procedure planning phase created growing demand during 
patients’ eligibility assessment. The avoidance of a urinary cath-
eter required the input and support from nursing.

In the postprocedure phase, the admission process was 
streamlined to forego the standard critical care admission 
protocols in favor of TAVR-specific prescribers’ orders. The 
detailed documentation of nursing practice standards was 
pivotal to ensure the standardization of care. Nursing educa-
tion initiatives focused on geriatric best practices in the TAVR 
population, early mobilization, and discharge teaching.

Success of the Initiative
We retrospectively examined 397 TF TAVRs completed 
between May 2012 and October 2014. The purpose of the 
evaluation was not to demonstrate a causative effect of the 
range of interventions on LOS because of the recognized 
face validity of the components of the project. We aimed to 
monitor quality of care, reflect on lessons learned, and inform 
future research. Complications and procedural outcomes were 
defined according to the Valvular Academic Research Consor-
tium-2 consensus statement.21 LOS was calculated from the 
procedure day (day 0) to discharge (Figure 2). There were 
4 (1.0%) postprocedure in-hospital deaths, and 393 (99.0%) 
patients were discharged from the procedure hospital. Of 
these, 150 (38.2%) were discharged within 48 hours of their 
procedures (EDC) and 243 (61.8%) had a LOS >48 hours 
(SDC), with 16 (4%) patients requiring LOS extending from 
8 to 22 days (Figure 3). We compared the 2 groups to identify 
salient factors that could inform the evaluation.

Continuous variables are presented as mean±SD and 
categorical variables as proportion (%). Non-normally dis-
tributed data are presented as median (interquartile range ). 
Comparison of continuous variables was performed with the 
student t test or the Mann–Whitney U test, depending on vari-
able distribution. The χ2 test or Fisher exact test was used to 
compare categorical variables.

The baseline characteristics of SDC and EDC patients 
are compared in Table 4. Patients in both groups were simi-
lar in age (81.5±8), most comorbidities, and severity of aortic 
stenosis. All patients were deemed at excessive surgical risk 
by 2 surgeons. The mean 6.4% society of thoracic surgeons 
predicted risk of mortality reflects contemporary practice in 
British Columbia25 and highlights the well-documented limita-
tions of using a risk score derived by a surgical registry to fully 
account for comorbidities that are pertinent to the TAVR popu-
lation.1 The SDC patients were more likely to have undergone 
preprocedural balloon aortic valvuloplasty as a staged proce-
dure before TAVR (10.3% versus 2.0%, P=0.002), and had a 

higher prevalence of impaired left ventricular ejection fraction 
(≤30%; 11.7% versus 4.7%, P=0.021). The SDC group was 
significantly more frail (37.2% versus 17.4%, P<0.001) and 
had worse cognitive impairment (10.4% versus 4.0%, P=0.04).

Procedural characteristics are outlined in Table 5. SDC and 
EDC patients did not differ in their urgency status at the time of 
procedure, or whether TAVR was performed in a native or failed 
bioprosthetic valve. As anticipated, the preprocedural assign-
ment of lowest risk patients to the use of the CCL was associ-
ated with EDC (P<0.001). Local anesthesia was used for 60.7% 
of EDC cases, whereas 84.4% of SDC patients had general 
anesthesia and transesophageal echocardiography. Most patients 
were treated with a second-generation device (SAPIEN XT and 
CoreValve: 83%), whereas third-generation SAPIEN3 was used 
for 14% of the cohort, and another device for 3%, reflecting the 
Vancouver program’s facilitated access to multiple and newer-
generation devices. The use of a balloon expandable device was 
associated with EDC (P=0.045). Patients transferred to critical 
care without the standard removal of the temporary pacemaker 
or who had a preprocedure urinary catheter inserted were signifi-
cantly more likely to have a longer LOS.

Rates of stroke, bleeding, vascular complications, new 
dialysis, and periprocedural myocardial infarction were 
low and similar across SDC and EDC patients (Table 6). 
Life-threatening bleeding occurred in 3 cases (0.8%); the 
need for any blood transfusion differed between the groups 
(SDC=9.1% and EDC=2.7%; P=0.013). The requirement for 
a new pacemaker was significantly associated with longer 
LOS (SDC=9.5% and EDC=2.7%; P=0.01).

LOS was not normally distributed (Figure 2). The median 
LOS was 1 day (interquartile range, 1–2) for the EDC group 
and 3 days (interquartile range, 3–4) for the SDC group. All 
patients in the EDC group were discharged home, whereas 9 

Table 2. Vancouver Transcatheter Aortic Valve Replacement 
Clinical Pathway Discharge Criteria

Monitoring

Completion and review of postprocedure transthoracic echocardiogram 
to confirm acceptable bioprosthetic hemodynamics with the absence of 
delayed complications

Absence of persistent intraventricular conduction delay

Absence of vascular access site complications

Absence of laboratory contraindications. If Hgb <100 g/L and eGFR <30 
mL/min, obtain and review outpatient bloodwork 2 and 4 d after discharge

Facilitated reconditioning

Return to baseline mobilization

Absence of elimination issues (eg, urinary retention)

Communication

Multidisciplinary agreement of safety of discharge

Confirmation of discharge plan with patient/family

Confirmation of availability of social support during the initial 48 h after 
discharge

Completion of verbal discharge teaching and confirmation of patients/
family’s understanding of the discharge guidelines and provision of written 
discharge education resources and prescription of medications

eGFR indicates estimated glomerular filtration rate; and Hgb, hemoglobin
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(4.7%) SDC patients were transferred to another acute care or 
rehabilitation facility for on-going convalescence (P=0.017). 
There were no differences between the groups in 30-day read-
mission (10.7%) or 30-day mortality (1.7%).

Summary of the Experience, Future  
Directions, and Challenges

The implementation of the Vancouver TAVR clinical path-
way demonstrates that shorter LOS and excellent outcomes 

Table 3. Summary of Quality Improvement Changes during the Implementation of the Vancouver TAVR Clinical Pathway

Historical Practice Vancouver TAVR Clinical Pathway Practice

Periprocedure

Location of procedure Hybrid OR Hybrid OR or CCL

  Team

   Implanting physician(s) Interventional cardiologists

   Anesthesiologist In attendance

   Echocardiologist Default strategy: TEE Default strategy: TTE immediately postprocedure

   Nursing and alliedhealth 2 OR RN, 1 CCL RN, and 1 Radiology Technologist If Hybrid OR: Unchanged
If CCL: 3 CCL RN and 1 Radiology Technologist

Anesthesia Default strategy: general anesthesia Default strategy: local anesthesia

Vascular access and closure Percutaneous

Venous access Central venous catheter Central or peripheral venous catheter or use of side arm of femoral 
venous sheath

Temporary pacemaker Default strategy: removed at end of procedure if absence of contraindication

Urinary catheter Default strategy: inserted Default strategy: not inserted

Postprocedure

Location of recovery CICU/CCU CICU/CCU or cardiac intervention unit (CCL recovery area)

Nursing Critical care competencies

Mobilization Bedrest time 8 h; routinely mobilized POD1 Bedrest time 4–6 h; routinely mobilized POD0

Reconditioning Mobilization, hydration, nutrition according to 
standard CICU practice and nursing discretion; 
Removal of urinary catheter on POD1

Standardized and prescribed mobilization, hydration, nutrition; 
Avoidance of urinary catheterization

Critical care LOS 24–48 h <24 h

Expected LOS 3–5 d 1–3 d

CCL indicates cardiac catheterization laboratory; CCU, coronary care unit; CICU, cardiac care intensive care unit; LOS, length of stay; OR, operating room; POD, 
postoperative day; RN, Registered Nurse; TAVR, transcatheter aortic valve replacement; TEE, transesophageal echocardiography; and TTE, transthoracic echocardiography.

Figure 2. Postprocedure length of stay displayed 
by frequency of 393 consecutive patients dis-
charged after transcatheter aortic valve replace-
ment between May 2012 and October 2014 
(procedure day=day 0).
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can be achieved by conducting preprocedure risk stratifica-
tion planning, shifting to a default practice of local anesthe-
sia, standardizing postprocedure care with early mobilization, 
and reconditioning. It is feasible to select patients suitable for 

EDC. The success of the initiative is attributable to the unique 
environment of the Vancouver program. The team benefits 
from over a decade of experience and facilitated access to the 
newest technology which continues to yield lower rates of vas-
cular and other complications,26 and the engagement and sup-
port of multidisciplinary stakeholders focused on adapting to 
these advances to improve outcomes and reduce health service 
resources. Future directions and challenges include studying 
the value of minimalist TAVR, capitalizing on changes of 
practice to reduce LOS, and facilitating safe transition home 
to avoid repeat hospitalization.

The adoption of minimalist periprocedural approaches is 
gaining interest.27 In 2014, the European Society of Cardiology 
Transcatheter Valve Treatment Sentinel Registry described the 
rapid increase in the adoption of local anesthesia from 37.5% of 
all procedures in the early 2011 to 57% a year later without del-
eterious effects on outcomes.28 Others have shown that the use 
of local anesthesia is associated with accelerated mobilization 
and shorter critical care and hospital LOS.29 The development of 
a minimalist approach in a CCL at Emory University Hospital 
contributed to the decrease of median LOS from 5 to 3 days, 
in addition to a $9892 mean cost reduction.30 In contrast, the 

Table 4. Baseline Characteristics

Variables

Overall Population Standard Discharge Early Discharge

P Valuen=393 (100%) n=243 (61.8%) n=150 (38.2%)

Age, y 81.5±7.9 81.3±7.8 81.6±7.9 0.54

Male sex 238 (60.6%) 149 (61.3%) 89 (59.3) 0.70

STS PROM score, % 6.4±3.8 6.4±4.1 6.5±3.4 0.28

Previous PCI 97 (24.7%) 64 (26.4%) 33 (22.0%) 0.33

Previous CABG 88 (22.4%) 58 (23.9%) 30 (20.0%) 0.37

Previous SAVR 41 (10.4%) 23 (9.5%) 18 (12.0%) 0.42

Previous BAV 28 (7.1%) 25 (10.3%) 3 (2.0%) 0.002

Severe COPD 46 (11.7%) 34 (14.0%) 12 (8.0%) 0.07

Dialysis 10 (2.6%) 7 (2.9%) 3 (2.0%) 0.59

Porcelain aorta 24 (6.1%) 14 (5.8%) 10 (6.7%) 0.70

eGFR ≤30 mL/min 37 (9.4%) 28 (11.5%) 9 (6.0%) 0.07

NYHA III or IV 327 (83.2%) 206 (84.8%) 121 (80.7%) 0.29

LVEF ≤30% 35 (9.0%) 28 (11.7%) 7 (4.7%) 0.021

TTE AVA, cm2 0.72±0.2 0.72±0.2 0.71±0.2 0.68

TTE mean gradient, mm Hg 42.3±16.8 42.4±17.8 42.1±15.1 0.86

Functional Status Indicators

  CSHA Frailty Index ≥5 100 (29.5) 77 (37.2) 23 (17.4) <0.001

  ADL <6/6 28 (7.9) 21 (9.6) 7 (5.1) 0.12

  5-m gait speed >7 s 85 (27.2) 56 (29.9) 29 (22.7) 0.13

  MMSE <24 24 (7.8) 19 (10.4) 5 (4.0) 0.04

Values are n (%), mean (SD), or median (interquartile range). ADL indicates Katz activities of daily living; AVA, aortic valve 
area; BAV, balloon aortic valvuloplasty; CABG, coronary artery bypass graft surgery; CCS, Canadian Cardiovascular Society 
angina class; COPD, chronic obstructive pulmonary disease; CSHA, Canadian Study on Health and Aging; eGFR, estimated 
glomerular filtration rate; LVEF, left ventricular ejection fraction; MMSE, mini-mental state examination; NYHA, New York Hear 
Association functional class; PCI, percutaneous coronary intervention; SAVR, surgical aortic valve replacement; STS PROM, 
society of thoracic surgeons predicted risk of mortality; and TTE, transthoracic echocardiogram.

Figure 3. Patient cohort of quality improvement initiative (May 
2012 to October 2014). TF TAVR indicates transfemoral trans-
catheter aortic valve replacement.

TF TAVR: 
397

Discharged: 
393 (99.0%)

Index Hospitalization Death: 4 (1.0%)

Early Discharge (EDC)
≤ 48 hours: 
150 (37.8%)

[38.2% of patients 
discharged ]

Standard Discharge (SDC)
> 48 hours: 
243 (61.2%)

[61.8% of patients 
discharged]
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Society of Thoracic Surgeons/American College of Cardiology 
Transcatheter Valve Therapy Registry reported that 94% received 
general anesthesia in 2014, and the mean LOS was 6.2 days.10

The avoidance of complications and the use of minimal-
ist approaches are not sufficient to reduce LOS. For example, 
the increased use of local anesthesia reported in the French 
Transcatheter Aortic Valve Intervention Registry (FRANCE-2) 
Registry from 14% in January 2010 to 59% in October 2011 
did not result in a change in the 7-day LOS.31 In the 10-coun-
try European experience reported by European Society of 
Cardiology Transcatheter Valve Treatment Sentinel Registry, 
the 7.9 days mean LOS after local anesthesia remained longer 
than our experience, albeit significantly shorter than the 9.8 
days experienced by the general anesthesia group.28 Similarly, 
the frequent use of the CCL (67%) reported in the FRANCE

2 registry was associated with a mean LOS of 15 days.31 
Although the wide variation in LOS reported in clinical trials 
and registry studies may reflect varying local contexts of prac-
tice (eg, reimbursement issues, standard expectation of extended 
hospitalization, and transfer to rehabilitation center), these dis-
crepancies attest to opportunities to streamline TAVR care.

There is no consensus on the recommended duration of 
LOS for TAVR patients. Our initiative builds on recent studies 
with a common interest in exploring the safety of accelerated 
discharge. In a study of EDC (≤3 days) after TF TAVR with the 
SAPIEN XT prosthesis, no significant difference in the com-
bined primary end point of 30-day death and rehospitalization 

was found between the early and late discharge groups.8 
Marcantuono et al32 reported the implementation of a preas-
signed fast track TF TAVR protocol with the achievement of 
shorter LOS of 3.8 days compared with their center’s 7.2 days 
for standard care.

Finally, discharge home and the prevention of readmission 
are important quality indicators in the care of the older per-
sons undergoing invasive procedures.12 During the course of 
our initiative, all EDC patients and 96.3% of the SDC group 
returned home. Similarly, Babaliaros et al30 reported that 
83% to 84% of all patients treated with either a minimalist or 
standard approach returned home safely, whereas the Society 
of Thoracic Surgeons/American College of Cardiology 
Transcatheter Valve Therapy Registry reported that 26% of 
patients were transferred to extended or transitional care units, 
or rehabilitation centers, and 5% became nursing home resi-
dents after TAVR.10 Across studies, patients suitable for EDC 
did not experience a reduced risk of 30-day readmission. This 
is a paradoxical finding given that this subgroup of patients is 
burdened with less comorbidities than patients requiring longer 
LOS. The transition home after EDC and required interven-
tions to mitigate risks of readmission warrant further research.

Conclusions
As evidence emerges that TAVR is an effective therapy for 
intermediate surgical risk patients,33 the implementation 

Table 5. Procedural Characteristics

Variables

All Standard Discharge Early Discharge

P Valuen=393 n=243 (61.8%) n=150 (38.2%)

Procedure status

  Elective 284 (72.3) 173 (71.2) 111 (74.0) 0.55

  Urgent inpatient 109 (27.7) 70 (28.8) 39 (26.0)

Procedure location

  CCL 59 (15.0) 1 (0.4) 58 (38.7) <0.001

  Hybrid OR 334 (85.0) 242 (99.6) 92 (61.3)

Anesthesia

  Local anesthesia/conscioussedation 129 (32.8) 38 (15.6) 91 (60.7) <0.001

  General anesthesia 264 (67.2) 205 (84.4) 59 (39.3)

Procedure

  Native valve TAVR 352 (89.6) 220 (90.5) 132 (88.0) 0.43

  Valve-in-valve TAVR 41 (10.4) 23 (9.5) 18 (12.0)

Device type

  Edwards SAPIEN XT 308 (78.4) 185 (76.1) 123 (82.0) 0.045

  Edwards S3 56 (14.2) 33 (13.6) 23 (15.3)

  Medtronic CoreValve 18 (4.6) 16 (6.6) 2 (1.3)

  Other 11 (2.8) 9 (3.7) 2 (1.3)

Preprocedure urinary catheter* 20 (5.1) 19 (7.8) 1 (0.6) 0.002

Temporary pacemaker* 35 (8.9) 32 (13.2) 3 (2.0) <0.001

Values are n (%). CCL indicates cardiac catheterization laboratory; Hybrid OR, hybrid operating room; and TAVR, 
transcatheter aortic valve replacement.

*In place when admitted to critical care post-TAVR.
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of a risk-stratified clinical pathway will garner increased 
importance. TAVR programs will experience new pressures 
to increase capacity to meet patient need in the future. Until 
the acquisition costs of devices decrease, the acceptability of 
TAVR as a reasonable and financially viable alternative to 
surgery will be driven by the mitigation of expenses related to 
complications, procedural approaches, and LOS. To this end, 
our initiative informed the development of the multimodal-
ity, multidisciplinary but minimalist TAVR (3M TAVR) study 
currently under way in collaboration with 12 North American 
centers (clinical trial NCT02287662). The primary objective 
is to provide a rigorous assessment of the efficacy, feasibil-
ity and safety of the Vancouver 3M TAVR Clinical Pathway 
protocol in patients undergoing elective transfemoral TAVR 
with contemporary balloon expandable valves across sites of 
varying procedural volumes to facilitate safe next day dis-
charge home. The findings will be pivotal to transform the 
way we care for TAVR patients, and to ensure the sustainable 
growth of transcatheter therapies for the treatment of valvular 
heart disease.
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