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Transcatheter aortic valve implantation (TAVI) outcomes during the coronavirus disease
2019 (COVID-19) pandemic have not been fully evaluated and some structural programs
in the world have been suspended during this period. We sought to evaluate and compare
clinical outcomes in patients undergoing TAVI in pandemic versus nonpandemic era. In a
single center, we compared 198 TAVI patients performed during 2019 to 59 patients
performed during the COVID-19 pandemic period (March 1st to June 30th, 2020). Pri-
mary outcome was procedural success according to VARC criteria and 30-day mortality
rates. VARC-defined procedural success was high in both groups (93.3% vs 96.6%;
p = 0.53). There were no differences in any vascular complications (26% vs 19%; p = 0.3),
permanent pacemaker implantation (11.8% vs 15.3%; p = 0.63), and length of hospital
stay (5.2 vs 4.2 days; p = 0.29). Thirty-day mortality was similar (3% vs 3.4%; p = 1.0). We
had no documented COVID-19 disease in our patients during follow up. In conclusion, TAVI
procedures can be performed effectively and safely during the COVID-9 pandemic, using a
minimalist approach, early discharge, and by maintaining proper use of personal protective
equipment. © 2021 Elsevier Inc. All rights reserved. (Am J Cardiol 2021;145:97−101)
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The current COVID-19 outbreak presents an unprece-
dented challenge to health services worldwide. With the
primary goal of reducing the risk of spread of COVID-19,
and preserving access to necessary/emergency care, the
ACC/SCAI issued specialty guidance for the management
of cardiology patients during this time.1 All hospital trusts
were advised early to defer nonurgent cardiovascular
diagnostics and interventions. Cardiac complications of
COVID-19 include myo-pericarditis, malignant arrhyth-
mias, and biventricular heart failure2 and the fatality rate
is significantly higher in those with pre-existing cardiovas-
cular diseases (10.5% vs 2.3%).3 On the other hand, aortic
stenosis (AS) is common and affects patient groups partic-
ularly vulnerable to a poor outcome with COVID-19 infec-
tion, with an overall prevalence of clinically significant
AS in those greater than 70 years approximately 1% to
3%.4 Severe symptomatic AS has a uniformly poor prog-
nosis, with an estimated 1-year mortality of up to 40%.5

The mortality rate in patients with severe AS on the wait-
ing list for valve replacement is estimated to be 11.6% in 6
months.6 In our tertiary care hospital, which the main
treating hospital of COVID-19 patients in Israel, we have
decided to maintain our TAVI program despite many tech-
nical and administrative restrictions. The purpose of this
current study was described this experience and evaluate
whether TAVI program during the COVID19 pandemic is
effective and safe.
Methods

We retrospectively analyzed the database of patients
undergoing TAVI in 2019 (control group) and in the period
between of March 1st to June 30th, 2020 (COVID-19
group), performed in a single, tertiary care hospital (Sheba
Medical Center, Tel Hashomer, Israel).

Inclusion criteria were all patients with severe symptomatic
AS diagnosed clinically and confirmed by Doppler echocardi-
ography referred to TAVI due to increased surgical risk as
assessed by an institutional heart team. All patients included
in the study underwent a complete Doppler echocardiography
and computed tomographic angiography (CTA) preprocedure.
Valve implantation was performed using a self-expandable
valve (Evolute Pro or Accurate neo) or a balloon-expandable
valve (Sapien-3), according to the operator discretion.
Procedural access site was transfemoral, transaxillary, or
transcaval.

All procedures were performed using minimalist strategy
including avoidance of general anesthesia, and no use of
intra-procedural transesophageal echo in order to focus on
rapid reconditioning, early mobilization, and accelerated
return to baseline function and activities of daily living driven
by a nursing protocol.

Patients undergoing TAVI during COVID-19 pandemic
were screened for symptoms according to CDC guidelines,
and tested for PCR SARS-CoV-2 if needed. WHO’s rec-
ommendations for the rational use of personal protective
equipment (PPE) in health care (patients and operators)
were applied.7

TAVI device success and postprocedural complications
were recorded according to the Valve Academic Research Con-
sortium-2 (VARC-2).8 Thirty-day mortality rates were ascer-
tained with the Israeli ministry of interior mortality database.

Continuous variables that have normal distributed were
expressed as median and standard deviation values, and
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difference between groups was assessed using the student’s
t test. For continuous variables not normally distributed
were reported as median and interquartile range (IQR,
25th-75th percentiles) values, and significance was assessed
using the Mann-Whitney U or Kruskal-Wallis tests. Cate-
gorical variables were presented in frequencies and percen-
tages and significance was assessed using the chi-square
test or Fisher’s exact test. Kaplan-Meier estimates of
survival analysis were calculated. Differences among the
groups were compared with the log-rank test. Statistical
significance was accepted for a 2-sided p <0.05. All data
were initially entered into statistical program SPSS (version
25.0.0 IBM, Armonk, NY, USA) and R version 4.0.0
software (The R foundation).
Results

Of the 257 patients included in the present analysis, 59
(23%) underwent TAVI during the COVID 19 pandemic.
This group was compared with the TAVI patients performed
in 2019 (n = 198, 77%).

As shown in Table 1, baseline characteristics including
age, gender, co-morbidities, and STS score were similar in
both study groups. Patients in COVID-19 pandemic were
using significantly more anticoagulant therapy at baseline.

Echocardiographic and tomographic characteristics pre-
vious TAVI of the participants are shown in Table 2 with
no significant differences between the 2 groups. The vast
majority of cases were done via femoral access. There were
no differences in the type of access, type of valve, valve in
valve procedures, and other technical issues during the
procedure, such as balloon pre- and postdilation (Table 3).

Outcomes are presented in Table 4. In both groups there
was a high TAVI device success. There were no differences
in rates of any vascular complications, major or minor
bleeding and permanent pacemaker implantation. Thirty-
day mortality was similar (3% vs 3.4%; p = 0.26) (Figure 1)
Table 1

Baseline characteristics

Variable All patients

N = 257

Age (years § SD) 80.3 § 9

Men 127 (50%)

Body mass index (Kg/m2 § SD) 28.1§5.3

NYHA class III-IV 121 (47%)

STS score, (mean § SD) 3.1§ 2.4

Hypertension 197 (77%)

Diabetes mellitus 97 (38%)

Chronic obstructive pulmonary disease 17 (7%)

Malignancy 48 (19%)

Cerebrovascular disease 26 (10%)

Atrial fibrillation 66 (26%)

Chronic renal failure 83 (32%)

Liver disease 4 (2%)

Peripheral artery disease 12 (7%)

Previous myocardial infarction 32 (21%)

Previous revascularization (PCI or CABG) 96 (37%)

Anticoagulant therapy 71 (28%)

Baseline albumin (mg/dL § SD) 3.97§1.78

CABG = Coronary artery bypass graft; PCI = Percutaneous Coronary Interventi
In the TAVI group performed during the COVID-19 pan-
demic, there was a tendency for a shorter length of hospital
stay after the procedure (4.2 vs 5.2 days; p = 0.29). None of
the patients in the COVID-19 era were infected with the
virus from the procedure to the latest follow-up day.
Discussion

This study shows that TAVI program could have been
maintained despite the limitations and restrictions applied
by the COVID-19 outbreak with excellent and comparable
outcomes to a nonpandemic era.

The ACC/SCAI group proposed criteria for not delaying
intervention in hospitalized patients with severe AS despite
the outbreak including associated reduction in ejection frac-
tion, presence of class III-IV congestive heart failure symp-
toms, or syncope secondary to AS. The document states
that It would be reasonable to schedule TAVI for elective
patients with severe to critical aortic stenosis and class III-
IV CHF symptoms. In patients with mild symptoms deci-
sion should be made according to quantitative measures of
valve severity that indicate a critically tight valve. For truly
asymptomatic patients, it is reasonable to postpone TAVI
for 3 months or until after hospital operations resume elec-
tive procedures. Close outpatient monitoring, possibly via
telehealth, should continue for all patients with severe AS.

On February 21st, 2020, Israel confirmed the first case of
COVID-19. In the following months, we saw an exponen-
tial increase in cases, reaching a peak during April 2020.
Until the end of June, 25,244 confirmed cases were regis-
tered with 354 deaths.9 During this time, dynamic quaran-
tines and total lockdown were carried out in the country.
With widespread community transmission of COVID-19,
the overarching goal was to minimize the risk of COVID-
19 exposure and to preserve limited resources such as
anesthesia care, ventilators, intensive care unit (ICU) beds,
and PPE, making TAVI implants more difficult. In our
Pre-COVID

N = 198

COVID period

N = 59

p Value

80.2 § 9.5 80.5 § 6.9 0.82

97 (49%) 30 (51%) 0.95

28.4§5.7 27.3§3.7 0.16

89 (45%) 32 (54%) 0.28

3.2§ 2.4 2.1§ 0.6 0.13

151 (77%) 46 (78%) 0.97

75 (38%) 22 (37%) 1

12 (6%) 5 (10%) 0.56

33 (17%) 15 (25%) 0.19

21 (11%) 5 (9%) 0.77

46 (24%) 20 (34%) 0.15

65 (33%) 18 (31%) 0.86

3 (2%) 1 (2%) 1

6 (5%) 6 (10%) 0.28

20 (22%) 12 (20%) 0.84

79 (40%) 16 (27%) 0.09

47 (24%) 24 (41%) 0.01

3.98§2.03 3.97§0.32 0.98

on; STS = Society of Thoracic Surgeons Score.
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Table 3

Procedural details

Variable All patients

N= 257

Pre-Covid19

N = 198

Covid19 period

N = 59

p Value

Femoral vascular access 246 (96%) 186 (94%) 58 (98%) 0.30

Balloon expandable valve 92 (36%) 67 (34%) 24 (41%) 0.35

Valve size (mean)

23

26

29

34

26 [25,29]

48 (19%)

80 (31%)

72 (28%)

28 (11%)

26 [25,29]

38 (19%)

56 (28%)

58 (29%)

25 (12%)

26 [25.5, 29]

10 (17%)

24 (41%)

14 (24%)

3 (5%)

0.16

Pre dilatation 117 (46%) 91 (47%) 25 (42%) 0.65

Post dilatation 68 (27%) 54 (28%) 14 (24%) 0.61

Valve in valve 16 (6%) 14 (7%) 2 (3%) 0.37

Moderate and severe paravalvular leak per angiography 14 (5%) 12 (6%) 2 (3%) 0.74

Numbers of staff TAVI operators 5 5 5 1

Table 4

Outcomes

Variable All patients

(N= 257)

Pre-COVID 19

(N = 198)

COVID 19 period

(N = 59)

p Value

TAVI device success VARC-2 239 (93%) 182 (93%) 56 (97%) 0.53

Vascular complications (VARC-2) 61 (24%) 50 (26%) 11 (19%) 0.3

Minor 53 (21%) 42 (22%) 11 (19%) 0.71

Major 8 (3%) 8 (4%) 0 0.20

Permanent pacemaker implantation 23 (9%) 14 (12%) 9 (15%) 0.63

Procedural bleeding (BARC) 25 (10%) 20 (17%) 5 (9%) 0.17

Minor 18 (7%) 14 (12%) 4 (7%) 0.43

Major 7 (3%) 6 (5%) 1 (2%) 0.43

New atrial fibrillation 18 (10%) 14 (12%) 4 (7%) 0.42

Hospitalization days § SD 5.04 § 6.9 5.2 § 7.7 4.2 § 2.9 0.29

30-day mortality 8 (3%) 6 (3%) 2 (3%) 1

VARC-2 = Valve Academic Research Consortium-2; BARC = Bleeding Academic Research Consortium.

Table 2

Echocardiographic and tomographic characteristics

Variable All patients N = 257 Pre-Covid

N = 198

Covid period N = 59 p Value

Echocardiography

Left ventricular ejection fraction (%, [IQR]) 55% [50,65] 55% [50,60.7] 56% [50,65] 0.65

Aortic valve area cm2 § SD 0.74 § 0.17 0.75 § 0.17 0.71 § 0.16 0.11

Moderate or severe regurgitation

Aortic 24 (14%) 18 (15%) 6 (10%) 0.48

Mitral 53 (21%) 40 (29%) 13 (22%) 0.38

Tricuspid 50 (25%) 35 (25%) 15 (25%) 1

Computed tomography

Calcium score aortic valve (Agatstone Units § SD) 2842 § 1496 2865§ 1456 2785 § 1603 0.73

Systolic annular perimeter, (mm § SD) 73.8 § 7.8 74 § 7.9 73.1 § 7.8 0.48

Systolic annular area (mm2 § SD) 408 § 126 439 § 94 430 § 91 0.55

IQR: Inter-quartile range.
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experience, we continued our regular TAVI program with-
out a selection of priority cases. We have maintained our
program focusing on early discharge and WHO’s recom-
mendations for the rational use of PPE in health care. Close
monitoring of symptoms after discharge was achieved via
telehealth.
Patients with severe symptomatic AS have poor overall
survival without definitive treatment.10 Outcome data from
the PARTNER-1 cohort B trial showed 1-year all-cause
mortality of 50.7% in the medical arm group. Even for
asymptomatic patients, long-term survival is poor, with a
mortality of 21.1% at 3 years from diagnosis,11,12



Figure 1. Clinical outcomes.
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suggesting that all severe AS patients do poorly in the long
term in the absence of intervention.

Sudden cardiac death can occur with asymptomatic severe
AS (without intervention) at a rate of approximately 1 in a
100,13 and may occur without any prodromal symptoms.
Should symptoms develop, clinical deterioration may progress
rapidly, and the risk of sudden death can escalate if AS is man-
aged conservatively (4% at 1month, 12% at 6 months).14 In a
recent study of AS patients with a high probability of LV
decompensation, more than 50% were either dead or hospital-
ized with heart cardiac failure within 2 years.15

Timing of intervention is also crucial, as perioperative mor-
bidity is markedly increased if advanced left ventricular sys-
tolic dysfunction occurs due to a delay in intervention.16,17

Registry data unsurprisingly revealed greater mortality during
the preoperative period for patients with established heart fail-
ure and advanced myocardial scarring.18 There is an increas-
ing awareness that aortic valve intervention is often performed
too late, and several studies are examining the effects of earlier
intervention in asymptomatic patients.19

It is important to focus on the concept of minimalist
TAVI using local anesthesia with minimal sedation and
supported by patient coaching and avoidance of invasive
lines; and early recovery monitoring protocol with accel-
erated reconditioning and continuity/consistency of med-
ical care. Accelerated mobilization and reconditioning
are pivotal to avoiding a cascade of in-hospital adverse
events in older patients, including loss of motor function
and increased risk of falls.20 Similarly, the avoidance of
hospitalization-related modifiable risk factors such as the
use of general anesthesia and "deep" monitored anesthe-
sia care, administration of opioids, urinary tract and other
infections, immobility, deconditioning, and long length
of stay may reduce the incidence of procedure-related
delirium to its near elimination in the era of contempo-
rary TAVI. We believe that this strategy is useful in these
times of pandemic, where the patient’s exposure should
be as low as possible, being the strategy that we use during
the pandemic.

This is a retrospective, nonrandomized, nonblinded
observational study, and therefore it is subjected to limita-
tions inherent in this design. We hope that early experience
from our center may prove useful for others adapting their
practice in preparation for local COVID-19 surges.
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In conclusion, experience from out single center study
shows that TAVI procedures can be performed effectively
and safely during the COVID-19 pandemic with a minimal-
ist implant strategy, early discharge and WHO’s recom-
mendations for the rational use of personal protective
equipment. However, the decision to intervene in a patient
needing a valve procedure will be determined largely by
hospital resources and the burden of COVID-19 admissions
at any given time and hospital.
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