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How to create clinical pathways that inform and transform care for patients undergoing 

transcatheter aortic valve replacement.

By Denise Busman, MSN

Programmatic Strategies 
to Reduce Complications 
and Improve Length of 
Stay in TAVR

Transcatheter aortic valve replacement (TAVR) 
has become a well-established minimally invasive 
treatment approach for patients with severe 
symptomatic aortic stenosis (AS). As baby boom-

ers age, the United States population of individuals 
≥ 75 years is expected to exceed 32 million people by 
2030.1 Coupled with a known prevalence of severe AS 
in 3.4% of the elderly,2 the number of potential TAVR 
candidates will continue to climb (Figure 1). After the 
approval of TAVR in patients at low risk for surgical 
aortic valve replacement (SAVR) in 2019, the growth of 
TAVR has continued to climb, with > 92,000 patients 
receiving a TAVR at a total of 763 sites in 2021. This 
represented a nearly 12% increase in procedural volume 
from 2020.3 

With this continued procedural growth, physicians 
and clinical teams have gained expertise in guiding 
patients with severe AS through all phases of the TAVR 
evaluation, procedure, and follow-up care. Increased 
clinical experience has provided knowledge to develop 
best practice recommendations. Technical and clini-
cal advances, such as next-generation heart valves and 
deployment techniques, have helped overcome some of 
the initial procedural drawbacks and reduce short- and 
longer-term complications. 

TRANSFORMING TAVR CARE
The strain placed on health care systems by the 

COVID-19 pandemic and its accompanying impact on 
hospital capacity and staffing has created a variety of 

challenges for urgent and elective procedures. It has also 
brought further scrutiny of resource utilization, hospital 
length of stay (LOS), and patient throughput for a variety 
of cardiovascular procedures. With an already thin revenue 
margin, managing elements of TAVR care that add value 
can maintain programmatic viability as well as set it apart. 

One element is to optimize the patient’s time in the 
hospital by minimizing complications and shortening 
LOS. Despite the decline in overall LOS for TAVR, from 
a median of 7 days in 2013 to a median of 1 day in 2020, 
30% of all programs had a median LOS ≥ 2 days in 2020.3 
The safety and effectiveness of the procedure remain 
paramount. With that as a guide, applying acquired 
knowledge and skill to create clinical pathways that both 
inform and transform the care of TAVR patients is key to 
the future of delivering value-based care. 

STRATEGIES TO REDUCE COMPLICATIONS
Clinical pathways that minimize complications and 

optimize resource use for patients undergoing TAVR 
begin during the preprocedure evaluation. Frailty has 
been shown to adversely correlate with patient out-
comes after TAVR and is an important baseline element 
to consider when anticipating a patient’s recovery time-
line. There are multiple established methods to assess 
frailty, but the Essential Frailty Toolset is a four-item 
scale that has been shown to be predictive of 1-year 
mortality post-TAVR.4 This brief, easily acquired assess-
ment includes chair rise, cognition, hemoglobin, and 
serum albumin and establishes a score that correlates 
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with mortality risk in both TAVR and SAVR. Information 
gleaned from assessments such as this can inform shared 
decision-making regarding treatment choices, including 
procedural sedation for TAVR.

Procedural Sedation
Historically, general anesthesia has been performed pri-

marily to support the use of more invasive access tech-
niques and transesophageal echocardiography guidance 
for the procedure. With the increased use of percutane-
ous transfemoral access and the introduction of intracar-
diac echocardiography, conscious sedation has become 
the cornerstone of a more “minimalist” approach. 
Especially in elderly and fragile populations, performing 
TAVR without general anesthesia reduces the likelihood 
of delirium, which in turn is associated with greater in-
hospital mortality, increased LOS, and incidence of isch-
emic stroke.5

Despite this knowledge, nearly 38% of patients3 still 
receive general anesthesia, and wide variation remains 
among hospitals.6 Although not every procedure can 
be performed using conscious sedation, anticipating 
its use as the preferred approach can help clinicians 
set expectations with patients for the procedure and 
immediate recovery period. Furthermore, as part of a 
multidisciplinary team approach, including anesthesi-
ology in care planning to determine the level of pro-
cedural monitoring and establish a plan for immediate 
intubation if needed supports an environment focused 
on patient safety.

A minimalist approach has largely been associated 
with the level of procedural sedation and transfemoral 
vascular access. However, all aspects of patient care 

should be reviewed through the lens of necessity and 
value—a “minimalist” approach—as long as they do not 
impact patient outcomes. For instance, even patients 
requiring general anesthesia may still be extubated in 
the procedure room. Additionally, most patients do not 
require a urinary catheter, pulmonary artery catheter, 
or narcotic analgesia during or after the procedure, all 
of which may expose patients to increased risk or dis-
charge delays. 

Bleeding and vascular access complications remain 
the most common adverse events experienced by TAVR 
patients. Given that these patients often carry many of 
the characteristics for high bleeding risk, additional care 
and attention must be paid to limiting their impact.

Ultrasound-Guided Access
One strategy increasingly preferred for the reduc-

tion of vascular access complications is the use of 
two-dimensional ultrasound (2D-US) for access guid-
ance—knowledge transferred from percutaneous 
coronary and electrophysiology procedures. A recent 
large study comparing fluoroscopy and contralateral 
angiography (FCA) with 2D-US found that although 
2D-US may improve outcomes for patients at high risk 
of access-related vascular complications (eg, those with 
peripheral vascular disease or higher sheath-to-vessel 
ratio), it was not superior to FCA in the TAVR popula-
tion as a whole.7 The results suggest that experience 
and repetition of technique are key. Neither technique 
may be superior for a highly experienced operator, but 
those with less experience may benefit from learning 
2D-US and visualization of vessel entry to reduce vascu-
lar complications and bleeding. 

Figure 1.  United States population growth projections for those aged 75-94 years.1
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Transfemoral Sites
Adding to the risk of vascular complications in TAVR 

has been the routine use of a secondary transfemoral 
access site to allow angiographic guidance during the 
procedure. Either ultrasound or visualization of the femo-
ral head and common femoral artery can reduce the risk 
of femoral artery complications, but the safest technique 
is to minimize the number of transfemoral sites used. 
The use of either proximal or distal radial artery sites for 
secondary access is one such approach. Doing so limits 
the potentially life-threatening bleeding complications 
associated with femoral access. A multicenter study of 
nearly 5,000 patients demonstrated that when compared 
with secondary femoral access, radial artery access sig-
nificantly reduced the risk of vascular complications and 
bleeding, and was associated with significant reductions 
in 30-day stroke, acute kidney injury, and mortality.8

Protamine Sulfate
Bleeding complications may also be reduced by using 

protamine sulfate for heparin reversal after vascular clo-
sure with a closure device. An investigation evaluating 
TAVR-related bleeding complications and patient out-
comes after protamine reversal found that the adminis-
tration of protamine resulted in significantly lower rates 
of life-threatening and major bleeding, along with a sig-
nificantly shorter hospital stay and without an increase in 
myocardial infarction and stroke.9

Cerebral Embolic Protection Devices
Cerebral embolic protection devices (CPDs) have been 

introduced as a proposed strategy for stroke reduction 
in patients undergoing TAVR. These protection devices 
are intended to filter cardiac emboli triggered by the 
procedure. Variable findings have been reported during 
its early use. Using the National Inpatient Database, a 
recent analysis of patients undergoing TAVR found that 
both hemorrhagic and ischemic stroke were significantly 
lower in TAVR performed using CPDs.10 Results from the 
PROTECTED TAVR study of 3,000 patients are expected 
this year and should provide further insight into the ben-
efit of CPDs. 

Implantation Technique
The need for permanent pacemaker implantation 

(PPI) during the index post-TAVR hospitalization has 
decreased from a peak of 13.2% in 2015 to 7.2% in 
2020, although this decrease occurred in the context of 
a shorter hospital stay. PPI has consistently remained 
about 2% higher at 30 days than at the time of hospital 
discharge.3,11 Even though the clinical impact of new 
PPI after TAVR has been somewhat controversial, there 

appears to be an increased risk of all-cause mortality 
at 1 year in patients who receive one.12 Use of the cusp 
overlap technique, where the device position depth stays 
well above the conduction tissue, is especially helpful in 
patients at higher risk for PPI (ie, those with pre-existing 
right bundle branch block) and has helped lower the 
overall incidence of new conduction abnormalities. 

Outpatient Telemetry Monitoring
The use of outpatient telemetry monitoring has helped 

clarify the need for PPI by assisting clinicians with better 
understanding of the natural history of post-TAVR con-
duction disturbances.13 It has also provided greater con-
fidence in earlier discharge, especially for patients who 
may be at risk for heart blocks and other arrhythmias, 
such as atrial fibrillation, but have not shown such signs 
periprocedurally through hospital discharge.

ENHANCING VALUE AND ACHIEVING THE 
QUADRUPLE AIM

TAVR programs that can successfully navigate the 
risks and array of possible complications associated with 
a procedure to treat severe AS provide greater value for 
patients, providers, and health care systems. This is what 
defines the Quadruple Aim. 

Applying optimal strategies to evaluate and man-
age these patients allows for shortened hospital stays. 
The 3M TAVR study tested the Vancouver 3M (mul-
tidisciplinary, multimodality, but minimalist) path-
way to determine the safety and efficacy of next-day 
discharge.14 The study found the pathway could be 
safely implemented irrespective of site experience and 
volume and without compromising clinical and hemo-
dynamic outcomes. More recently, the publication 
of two studies confirmed the feasibility and safety of 
same-day discharge for TAVR patients.15,16 Importantly, 
there was no significant difference in 30-day outcomes 
between patients discharged the next day versus those 
discharged the same day as the procedure. In both 
instances, it demonstrates that careful patient selection 
criteria using objective criteria can be applied to deter-
mine safe early discharge for TAVR patients.

The economic impact of a shift in LOS for TAVR 
patients is clear. TAVR is designated as an inpatient-only 
procedure by the Centers for Medicare and Medicaid 
Services; thus, it is reimbursed as a hospital-based 
diagnosis-related group reimbursement payment with 
a weighted average of $41,504.17 With the high cost of 
the device alone, programmatic margins have little room 
for additional cost. Aside from the device, the primary 
contributor to cost is LOS. A recent economic analysis 
performed using the 3M TAVR study18 found that index 
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hospitalization costs for patients in the 3M cohort who 
were discharged the next day were $10,843 lower per 
patient, driven by reductions in procedure duration, 
anesthesia costs, and LOS. There were no catch-up costs 
in the postdischarge period. Discharge on the same day 
of the procedure would most certainly provide even 
greater value, as long as documentation clearly supports 
an inpatient level of care during the stay.  

Patient experience has also shown to be enhanced by 
shorter hospital stays. Patients discharged on the same 
day after complex percutaneous coronary procedures 
have reported high levels of satisfaction.19 Preparing 
patients to anticipate a shorter hospital stay, assessing for 
appropriate social support postdischarge, and following 
up with next-day patient phone calls are key steps in fos-
tering patient satisfaction.

CONCLUSION
The past decade has provided significant gains in the 

care of patients with structural heart disease. TAVR 
clinical pathways will continue to evolve, informed by 
clinical guidelines, research, and efficient approaches to 
care delivery. Clinicians who embrace these approaches 
will find continued success in their structural heart 
programs.  n
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