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Abstract
The COVID-19 pandemic continues to significantly impact the treatment of people living with aortic stenosis, and 
access to transcatheter aortic valve implantation. Transcatheter aortic valve implantation (TAVI) programmes require 
unique coordinated processes that are currently experiencing multiple disruptions and are guided by rapidly evolving 
protocols. We present a series of recommendations for TAVI programmes to adapt to the new demands, based on 
recent evidence and the international expertise of nurse leaders and collaborators in this field. Although recommended in 
most guidelines, the uptake of the role of the TAVI programme nurse is uneven across international regions. COVID-19 
is further highlighting why a nurse-led central point of coordination and communication is a vital asset for patients and 
programmes. We propose an alternative streamlined evaluation pathway to minimize patients’ pre-procedure exposure 
to the hospital environment while ensuring appropriate treatment decision and shared decision-making. The competing 
demands created by COVID-19 require vigilant wait list management, with risk stratification, telephone surveillance and 
optimized triage and prioritization. A minimalist approach with close scrutiny of all parts of the procedure has become 
an imperative to avoid any complications and ensure patients’ accelerated recovery. Lastly, we outline a nurse-led 
protocol of rapid mobilization and reconditioning as an effective strategy to facilitate safe next-day discharge home. 
As the pandemic abates, TAVI programmes must facilitate access to care without compromising patient safety, enable 
hospitals to manage the competing demands created by COVID-19 and establish new processes to support patients 
living with valvular heart disease.
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Background
People living with severe aortic stenosis experience signifi-
cant and rapid exacerbation of symptoms, increased mortal-
ity, morbidity, and hospital readmissions.1 Due to the natural 
history of aortic stenosis, most patients are elderly, and are 
burdened with frailty and other multiple comorbidities.2,3 
Transcatheter aortic valve implantation (TAVI) is an estab-
lished minimally invasive treatment option that enables 
patients to rapidly derive significantly improved quantity 
and quality of life, regardless of surgical risk profile.4,5

The higher health vulnerabilities associated with aortic 
stenosis are further compounded in the current era of the 
COVID-19 pandemic with the challenges of providing timely 
therapy to primarily older (⩾ 80 years) individuals.6,7 Delays 
to appropriate therapy for patients with severe aortic stenosis 
can exacerbate the risks of emergency hospital admission, 
deteriorating symptoms and the cascade of complications of 
worsening heart failure related to severe valvular heart dis-
ease, including the loss of independent function.8 Developing 
strategies to provide timely therapy for at risk patients with 
aortic stenosis is paramount during the pandemic.

To date, much emphasis has been placed on strategies to 
‘flatten the curve’ of escalating COVID-19 rates of infection, 
hospitalization and mortality across regions and populations. 
As the pandemic begins to slow, balancing competing 
demands to ‘manage the plateau’ of the on-going prevalence 
and risks of COVID-19 while addressing the escalating 
needs of patients with cardiovascular disease awaiting treat-
ment presents the next challenge for health care systems 
across regions.9,10 There is mounting evidence that treatment-
seeking delays and longer wait times for an increasing vol-
ume of patients are taking a significant toll on cardiac 
patients’ survival, morbidity and quality of life, and will cre-
ate a wave of pressure on health care resources and person-
nel.11 For TAVI programmes, the interruption of referral 
pathways, the imperative need to stay connected with 
patients and the difficulties of resuming or accelerating 
scheduling pose unchartered challenges. In this context, 
there is a compelling need to facilitate the rapid adoption of 
best practices adapted to the unique demands created by 
COVID-19 and leverage existing evidence to minimize 
health care resources, facilitate the accelerated treatment of 
aortic stenosis without compromising patient safety and 
ensure that patients return home to enjoy the benefits that 
TAVI affords.12 To this end, we outline recommendations to 
optimize access to TAVI in rapidly evolving health care sys-
tems that will continue to address the devastating effect of 
the COVID-19 pandemic for the foreseeable future.

Coordinated and streamlined 
assessment pathway
The pivotal role of the TAVI programme nurse who leads 
the coordination of patients’ journey of care is made all the 

more salient in current times. Although well established in 
some regions, and endorsed in multiple guidelines as an 
important member of the multidisciplinary team,13,14 this 
role remains in its infancy or is absent across most of 
Europe. The competencies of this expert clinician include 
knowledge of the aortic stenosis patient population, their 
clinical presentation and disease progression, clinical 
assessment of symptoms and urgency, patient and family 
education to facilitate shared decision-making and early 
discharge planning, and the coordination of complex, and 
currently altered, processes of care.15 The TAVI pro-
gramme nurse provides an essential central point of coor-
dination to case manage individual patients while 
maintaining seamless communication with the multidisci-
plinary team.16–18 Given the effect of COVID-19 on chan-
nels of communication, patients are reporting that access 
to the TAVI programme nurse is perceived as a ‘help line’ 
for on-going monitoring, guidance, reassurance and advo-
cacy, and continuity of care. Importantly, the TAVI pro-
gramme nurse conveys to patients and their family 
information about how hospitals are instituting protocols 
and practices to ensure patient safety and comfort during 
their admission as the pandemic progresses. The new chal-
lenges posed by COVID-19 may offer a strong incentive to 
consider adopting this role in centres that currently rely on 
a less coordinated approach.

Constrained access to cardiac imaging, cancellation of 
out-patient valvular heart disease clinic appointments and 
inability of the multidisciplinary team to meet in person to 
discuss treatment decision and procedure planning require 
modifications to conventional TAVI assessment pathways 
and clinic processes during, and likely after, the COVID-
19 crisis. The additional risk posed to elderly patients to 
undergo pre-procedure consultations and diagnostic test-
ing in the hospital must be carefully considered. Therefore, 
the historical practice of an in-person assessment pathway 
must pivot to an expedited work-up to avoid delays in 
treatment decision (Figure 1). Nimble and easy to imple-
ment strategies that guarantee physical distancing without 
compromising adherence to guidelines include the use of 
telemedicine consultation for nursing and medical assess-
ments, individualized risk stratification for cardiac imag-
ing requirements and the preferential use of computed 
tomography as a gate-keeper diagnostic test, and transition 
to a virtual platform for the multidisciplinary team meet-
ing.19 Screening for the risk of post-TAVI atrio-ventricular 
conduction delay20 may help anticipate the need for post-
procedure monitoring and the consideration of early 
interventions.

For patients preparing for admission, the historical 
practice of a separate pre-procedure appointment in the 
surgical pre-assessment clinic for a consultation with the 
anaesthesiologist must now be used more discriminately to 
mitigate the risks of COVID-19. Separate processes are 
necessary to complete pre-procedure diagnostics (e.g. 



Lauck et al. 539

chest X-ray, blood tests) and conduct a pre-procedure tel-
ephone assessment. COVID-19 initial screening involves 
reviewing patients’ symptoms, potential community expo-
sure, and travel history, while routine testing prior to TAVI 
for both the patient and their accompanying support, if 
required, differs by regions and will likely continue to be 
influenced by local penetrance of COVID-19, availability 
of testing and regional health policies. Although system-
atic screening is widely recommended and established, 
testing protocols remain more diverse and offer pro-
grammes and patients significant challenges related to tim-
ing, location and communication of findings. The European 
Association of Percutaneous Cardiovascular Interventions 
and the Acute Cardiovascular Care Association recom-
mend that a strategy of testing before an invasive proce-
dure should be prioritized.21

TAVI wait list management
As hospitals prioritize ensuring sufficient capacity for the 
treatment of COVID-19 patients, the cumulative impact of 
delayed referrals and the near complete cancellation of 
elective and most in-patient procedures is rapidly leading 
to longer wait times and a growing number of people wait-
ing for treatment across regions. Wait time for TAVI is 
incrementally associated with increased adverse events 
and worse outcome.22 International experience suggests 

that a strategy of gradual re-opening of hospital services 
will be preferred over a full resumption of past schedules 
as the pandemic abates. To match varying health policy 
across regions, TAVI programmes must adopt on-going 
processes to facilitate the active monitoring of patients on 
the wait list and the appropriate queueing of procedures to 
reduce the risks of adverse events while on the wait list.23

The TAVI programme nurse is ideally suited to conduct 
a systematic telephone assessment to ascertain patients’ 
health and urgency status. In the Vancouver programme, 
the components of the historical wait time telephone 
assessment have been revised in light of COVID-19, and 
include treatment-seeking events (e.g. unscheduled con-
tact with physician, emergency department visit), physical 
health status (e.g. activity tolerance, mobilization) and 
symptoms (e.g. fatigue, shortness of breath, angina, syn-
cope/pre-syncope) (Figure 2). In anticipation of procedure 
scheduling, it is essential to engage patients in discussions 
about their willingness to come to the hospital given the 
evolution of the pandemic and the availability of social 
support for transportation and early recovery.

The criteria for triage and prioritization must address the 
needs of complex patients exhibiting signs and symptoms of 
acute decompensation at risk for emergency admission and 
increased mortality while waiting. On-going prioritization 
based on local or regional urgency criteria may be helpful to 
coordinate scheduling (Figure 2). Programmes must also 

Figure 1. Vancouver Accelerated TAVI Clinical Pathway adapted for COVID-19.
CT: computed tomography; CCTA: cardiac computed tomography angiography; CAD: coronary artery disease; TF: transfemoral; TAVI: transcatheter 
aortic valve implantation: MD: Medical Doctor



540 European Journal of Cardiovascular Nursing 19(6)

consider the potential benefit of scheduling patients with a 
more predictable hospitalization who can be treated rapidly 
and supported in their accelerated reconditioning and rapid 
return home. Combining various urgency categories in the 
planning of service delivery might offer the most effective 
strategy to attend to the most urgent patients while optimiz-
ing capacity to reduce the overall wait list.

The imperative of a minimalist 
approach
A minimalist approach refers to a sequence of fully optimized 
activities aimed achieving an excellent outcome without 
compromising patient safety.24 The Vancouver Multimodality, 

Multidisciplinary but Minimalist TAVR study demonstrated 
the safety and feasibility of a bundle of care grounded in a 
minimalist peri-procedure approach.25 The goal is to leverage 
current evidence, to reduce the disruptions to patients’ health 
status and physiological reserves during their admission and 
to decrease the intensity of health services requirements to 
enhance access to TAVI.26 The adoption of a minimalist 
approach as the preferred default strategy is an imperative to 
promote access to care in the ‘new normal’ as COVID-19 
continues to dictate priorities of care.

A comprehensive peri-procedure minimalist approach 
begins with the same-day admission of elective patients to 
delay the deleterious effects of hospitalization on the elderly 
and convey the important messaging that contemporary 

Telephone call with:                                     � Patient                    � Family                    � Patient unable to speak � Other    

Physical status and symptoms

1. Walking/physical activity frequency:  � Daily   � Infrequent  � House only:  

2. Walking length:    � House only   � 1-2 Blocks  � 3-4 Blocks                   � >4 Blocks      

3. Shortness of breath:  � None  � With moderate exertion (e.g. walking up hill, stairs, heavy housework)   
                                     � With mild exertion (e.g. walking on flat, light housework)  � At rest (e.g. sleeping with 2 pillows)

4. Chest pain:   � None   � With moderate exertion                                      � With mild exertion

5. Syncope/Pre-syncope :   � None            � Yes: 

6. ‘On a scale of 0 to 10, how would you describe how tired you feel today?’  0 – 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 9 – 10 

Availability of social support:    � Adequate  � Borderline � Inadequate

Caregiver responsibilities:    � No   � Yes: 

Summary of assessment 

� Status unchanged and no new concerns (none to mild deterioration) 
� Worsening symptoms and function (moderate deterioration)
� Rapidly worsening symptoms and function (severe deterioration) 

Urgency status (For reference only)

Booking priority 1:
•• Frequent or on-going symptoms: chest pain, shortness of breath, syncope, extreme fatigue [NYHA III/IV]
•• ≥ 2 ED visits or hospital admission for heart failure
•• Reporting increased/rapid deterioration by referring physician, patient, family

Booking priority 2: 
•• Self-limiting activities to decrease symptom burden [NYHA III]
•• ≥ 1 newly scheduled physician appointment, ED visits or hospital admission for heart failure
•• Reporting progressive deterioration by referring physician, patient, family

Booking priority 3: 
•• Infrequent symptoms [NYHA II/III]
•• No recent newly scheduled physician appointment, ED visits or hospital admission for heart failure
•• Stable status reported by referring physician, patient, family

Figure 2. Clinical documentation of status on wait list and urgency stratification.
ED: Emergency Department; NYHA: New York Heart Association functional classification
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TAVI is a same-day procedure with an overnight stay for 
close monitoring. The use of a cardiac catheterization labo-
ratory and its associated small and versatile structural heart 
procedure team is particularly appropriate to avoid the com-
peting demands placed on operating rooms and reduce the 
requirements for human resources and equipment.27

In regions where COVID-19 required the redeployment 
of cardiac catheterization laboratory and/or operating room 
nurses to care for patients in the intensive care unit or other 
in-patient units, strategies to repatriate the human resources 
to procedure rooms are necessary to reconstitute peri-pro-
cedure teams.28 The rapid implementation of protocols and 
processes to decrease the risk of infection and cross-con-
tamination in laboratories focuses on creating patient and 
staff pathways that minimize exposure and ensure appro-
priate cleaning. The availability of personal protective 
equipment (PPE) is paramount to staff safety and emer-
gency preparedness.29 Similarly to pre-procedure screening 
for COVID-19, there is significant heterogeneity in prac-
tice across programmes and regions related to the PPE pro-
tocols. The European Society of Cardiology recommends 
that health care providers should have adequate supply and 
training in proper techniques for donning and removing 
PPE, and that all patients entering the catheterization labo-
ratory should wear a surgical mask.28,30 US professional 
societies recommend that the treatment team should be lim-
ited to essential personnel and that staff who scrub for pro-
cedures should use PPE suitable for airborne precautions, 
including an N95 respirator and a face shield.19

The use of a strategy of local anaesthesia with or with-
out light procedural sedation is associated with improved 
haemodynamic stability, shorter procedure times, reduced 
risk of post-procedure delirium, and accelerated mobiliza-
tion and reconditioning.31 Given the on-going demands 
placed on anaesthesiology services to attend to the chal-
lenging care of unstable COVID-19 patients, it may be 
judicious to consider a model of physician-directed and 
nurse-administered local anaesthesia or conscious seda-
tion32 if important safety targets can be met (e.g. ability to 
convert to general anaesthesia within 5 min in the event of 
an emergency). An open visual field between the patient 
and the implanting team promotes seamless communica-
tion, early warning of complications, and the inclusion of 
patients as essential ‘partners’ in minimalist TAVI. The 
consistent use of ultrasound-guided vascular access further 
mitigates peri-procedure risks by reducing the incidence of 
vascular injury and bleeding and is essential to promote 
early mobilization.33 Together, these practices increase the 
likelihood of transferring a predictably stable patient who 
is optimally prepared for an accelerated recovery protocol 
to the post-procedure team.

Admission and early recovery in the clinical area adja-
cent to the laboratory further reduces the footprint of TAVI 
by avoiding the use of critical care units that will continue to 
face significant duress for the remainder of the pandemic.34

Accelerated reconditioning and next-
day discharge home
Priorities of care in the post-procedure phase include close 
monitoring, early mobilization and accelerated recondi-
tioning, and discharge planning. The post-procedure proto-
col of 3M TAVR and the Vancouver Accelerated Recovery 
Clinical Pathway provide useful direction to guide nursing 
practice.34 Details presented in Figure 3 may serve as a 
roadmap to nursing education to promote standardization 
of practice and change management. Critical care nursing 
competencies are best suited in the very early recovery 
period to provide close monitoring of haemodynamic and 
neurological status, cardiac telemetry and vascular access 
haemostasis. Ideally, the patient is admitted to a unit in 
close proximity to the TAVI implanting team (e.g. clinical 
unit that serves the cardiac catheterization laboratory) to 
promote continuity of medical care in this potentially vul-
nerable phase of care. Although contingency plans must be 
in place to secure post-procedure critical care for patients 
experiencing haemodynamic instability, new conduction 
delay or vascular access complications, most TAVI patients 
can be safely transferred to a cardiac telemetry ward under 
the care of an expert cardiovascular nurse and the on-going 
medical direction of the implanting team.34 The avoidance 
of critical care during the COVID-19 pandemic further 
reduces the competing impact of TAVI on intensive care 
units that remain under significant strain.28

Early mobilization is one of the most effective strategies 
to facilitate patients’ rapid return to baseline status.35 
Accelerated time to mobilization is associated with avoid-
ance of functional decline, resumption of activities of daily 
living and shorter length of stay.36 A standardized protocol 
of 4-h bedrest followed by nurse-led mobilization at least 
twice on the procedure day and demonstrated return to base-
line mobilization on the morning after the procedure facili-
tates the goal of readiness for safe next-day discharge.34,27

Timing of discharge hinges on the implanting team’s 
assessment that patients are safe to transition home. 
Discharge criteria include the absence of persistent (⩾ 3 h) 
intraventricular conduction delay, clinically important 
change in laboratory values (e.g. haemoglobin, renal func-
tion), completion of patient teaching and confirmation of 
availability of a family member to remain with patient for the 
first 24 h home.25 Given the potential benefits of further min-
imizing time spent in hospital, the James Cook University 
Hospital TAVI team (Middlesbrough, UK) has developed a 
same-day discharge programme that considers additional 
criteria including pre-existing permanent pacemaker, low 
contrast use, absence of procedural complications, early full 
mobilization and availability of social support. Additional 
safety net measures such as telephone contact with the TAVI 
nurse on post-discharge day 1 and a check of post-procedural 
blood tests in the community mitigate the risks of delayed 
complications. Although not specifically designed for 
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COVID-19, safe same-day discharge is ideally suited to use 
during the pandemic (Muir D and McCalmont G, personal 
communication, 2020, manuscript in preparation).

Schedules of standardized in-person 30-day and 
longer-term follow-up are no longer suited to the on-going 
need for social distancing and minimizing time spent in 
hospital. Although telephone follow-up by the TAVI pro-
gramme nurse can provide essential information about 
symptoms, recovery and overall health status, the absence 
of follow-up cardiology consultation and cardiac echocar-
diography may create gaps in care and monitoring. For 
example, longitudinal surveillance of transaortic pressure 
gradients provides important information about valve 
function. Adaptation of follow-up processes to enable 

echocardiography close to patients’ homes is required to 
ensure patient safety and continuity of care.

Managing the implications of 
COVID-19: setting a new benchmark 
for TAVI
For patients living with the devastating prognosis of severe 
aortic stenosis, timely access to valve replacement is the 
only treatment available. The rapid onset of halting referrals 
and procedures to create capacity to manage the COVID-19 
pandemic will now be followed by the resumption of access 
to care under drastically different circumstances. TAVI pro-
grammes cannot expect a ‘flipping of the switch’ back to 

0–2 Hours 2–6 Hours 6–12 Hours 12–18 Hours 18–24 Hours 24–36 Hours

Location of nursing care

Pre/post area 
in cath lab

Cardiac telemetry ward (4-5:1 nursing assignment)

Monitoring assessments
Vital signs – Neuro vital signs – Cardiac rhythm – Vascular access site checks and CWMS – pain

q15min x 4 → 
q30min x 2  

q1h x 3 →

q4h
q4h

Diagnostics

POD 0
Labs: Hgb, CBC, renal function
12-lead ECG
Discharge TTE [Device position, PV leak screen for 
pericardial effusion, biventricular function] 

POD 1
Labs: Hgb, CBC, renal function
12-lead ECG

Nurse-led accelerated mobilization and reconditioning

Radial arterial line removal after 
1h non-TAVI side sheaths as per 
standard protocol 

Peripheral IV to saline lock when drinking

HOB flat x 2h HOB ↑ 30º x 2h
Bedrest: 4 h
2-nurse assist w/ 
1st mobilization

Mobilization x 2 
on POD 0

POD 1
Return to baseline mobilization 

NPO Hydration: Oral fluids and/or IV 50-75 cc/H. as per medical directives
Nutrition: Resume/encourage regular meals after mobilization
Elimination: Avoid urinary catheterization

Communication, patient teaching and discharge planning

Early alerts of ‘off pathway’ events with medical team
Confirmation of discharge plan and time
Patient discharge teaching

POD 1
Discharge criteria: 
Absence of persistent (> 3 Hgb) Intraventricular  
conduction delays
Absence of lab contraindications (hgb and eGFR)
Return to baseline mobilization
Availability of family member for 24h to remain 
with patient 

Figure 3. Vancouver Accelerated Reconditioning nursing protocol adapted for COVID-19 to facilitate safe-next day discharge 
home after TAVI.
q: every; h: hour; CWMS: colour, warmth, movement, sensitivity; Hgb: haemoglobin; CBC: complete blood count; TTE: transthoracic 
echocardiogram; PV: paravalvular; ECG: electrocardiogram; TAVI: transcatheter aortic valve implantation; IV: intravenous; HOB: head of bed;  
NPO: nothing by mouth; POD: post-operative day; cc: centilitre; eGFR: estimated glomerular filtration rate 
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historical practices; rather, ‘increasing the dimmer’ requires 
that programmes leverage the evidence available to imple-
ment a series of pre-, peri- and post-procedure best practices 
to ensure the highest quality of outcomes, the lowest risk of 
COVID-19 exposure and the most efficient use of health 
care resources. To this end, we have the collective opportu-
nity to set a new benchmark for contemporary TAVI by pro-
moting the adoption of a clinical pathway that combines the 
latest evidence and cross-jurisdiction expertise.

Implications for practice
•• The COVID-19 pandemic is interrupting access 

to transcatheter aortic valve implantation to treat 
people with severe aortic stenosis.

•• There is evidence that adopting a series of best 
practices can enable transcatheter aortic valve 
implantation programmes to accelerate access to 
care and minimize patients’ risk while in 
hospital.

•• Cardiovascular nurses play a pivotal role in lead-
ing changes in practice and processes of care.

•• There is an urgent need for transcatheter aortic 
valve implantation programmes to adopt sustain-
able strategies to manage the on-going implica-
tions of COVID-19.
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