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A B S T R A C T   

Background: The coronavirus 2019 (COVID-19) pandemic upset healthcare systems and their logistics worldwide. 
We sought to assess safety and effectiveness of an optimized logistics for transcatheter aortic valve implantation 
(TAVI) pathway developed during the COVID-19 pandemic. 
Methods: This is a retrospective analysis. An optimized TAVI logistics based on performing TAVI work-up and 
procedure during the same hospitalization was used during the COVID-19 pandemic. In-hospital and 30-day 
outcomes of patients treated during the pandemic were compared with an historical cohort of patients under-
going TAVI with staged work-up before the pandemic within an homogeneous timeframe. 
Results: Of 536 patients, 227 (42.4%) underwent TAVI during the COVID-19 pandemic with a reduction of 26.5% 
compared to the pre-pandemic period (n = 309). The median age was 81 (77–85) years and STS score was 3.4 
(2.2–5.6)%. Lower rates of in-hospital major vascular complications (2.2% vs. 8.7%; p < 0.01) and life- 
threatening bleeding (0.4% vs. 4.2%; p = 0.01) were reported in the COVID-19 period, whereas no difference 
in acute kidney injury (7.0% vs. 7.4%, p = 0.85) rate was reported between COVID-19 and pre-COVID-19 pe-
riods. No difference in 30-day rates of all-cause death (4.0 vs. 4.5, p = 0.75) and of major adverse cardiovascular 
events (4.0 vs. 6.1, p = 0.26) were reported between COVID-19 and pre-COVID-19 periods. 
Conclusions: The use of optimized single-hospitalization logistics for TAVI workup and procedure developed 
during the COVID-19 pandemic, showed to be as safe and effective as the two-stage TAVI pathway previously 
adopted, allowing the minimization of potential exposure to COVID-19 infection and shortening times to 
treatment for severely symptomatic patients.   

1. Introduction 

The coronavirus disease 2019 (COVID-19) has caused a global 
pandemic, resulting in millions of deaths and in a dramatic burden on 
healthcare [1]. Alongside with the COVID-related deaths, the fear to be 
in touch with COVID-19 carriers and therefore to be infected, has led a 
large portion of patients affected by serious diseases to deny or post- 
pone access to emergency departments, thus resulting in an increased 
side-mortality for many patients, in particular for those affected by 
cardiovascular diseases [2,3]. 

Patients with severe aortic stenosis (AS) have a poor prognosis if left 
untreated. Despite transcatheter aortic valve implantation (TAVI) offers 

a less invasive treatment with a fast recovery for these patients [4], 
imposed health-care restrictions related to COVID-19 pandemic needs 
let a not-negligible portion of TAVI candidates to be deferred during 
pandemic waves, worsening the outcomes of these patients [5]. 

In our tertiary care hospital, we remodelled the logistics of TAVI 
program during COVID-19 pandemic to accomplish technical and 
administrative restrictions imposed by national and regional emergency 
laws, and to maintain offering a safe and timely treatment for patients 
with a minimal use of hospital resources. The purpose of this study was 
to demonstrate the feasibility, safety and effectiveness of the optimized 
TAVI logistics adopted during the COVID-19 pandemic. 
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2. Methods 

2.1. Data source 

We retrospectively analyzed outcomes of patients undergoing TAVI 
from March 15th 2020 to April 2021 (COVID-19 period group) and 
compared with those of patients undergoing TAVI in the preceding 
same-length period from February 2019 to March 14th 2020 (pre- 
COVID period group), in our institute (Policlinico G. Rodolico-San 
Marco Hospital, Catania). The used cut-off date matches with the day 
on which the Italian government declared the first national lockdown in 
Italy for COVID-19 pandemic, and consequently with the beginning of 
social, work and health-care restrictions. 

All consecutive patients undergoing TAVI were included in the pre-
sent analysis. All patients without severe renal impairment (chronic 
kidney disease stage IV or V), underwent preprocedural assessment with 
ECG-gated computed tomographic angiography (CTA) as per standard 
practice. All commercially available devices for TAVI were used ac-
cording instruction for uses and operator experience. Outcomes and 
complications were assessed according Valve Academic Research 
Consortium-2 (VARC-2) definitions [6]. Follow-up was performed at 
thirty days by in person visits (during pre-pandemic period) or tele-
phonic follow up (during the pandemic). 

All subjects provided written informed consent for the procedure. 
The study was conducted according to the principles of the Declaration 
of Helsinki and Good Clinical Practice. The study did not undergo ethical 
committee approval, considering the retrospective nature of the 
analysis. 

2.2. Logistics during COVID-19 period 

COVID-19 pandemic-related changes in TAVI logistics were forced 
since March 15th 2020. Several adjustments to the TAVI work-up aimed 
at minimizing hospital stay, reducing potential staff and patient expo-
sure to COVID-19 infection were initiated since the aforementioned date 
(Fig. 1). 

The following changes in TAVI practice were introduced:  

• The day before hospitalization, patients were screened for symptoms 
according to CDC guidelines, tested for SARS-CoV-2 by real-time 
reverse transcription polymerase chain reaction (rRT-PCR) and un-
derwent routine blood sampling.  

• Pre-procedural CTA was systematically performed during the same 
hospitalization, on the admission day.  

• Feasibility of TAVI procedure was assessed, and case discussion by 
Heart-Team was carried on the same day of TAVI procedure, that 
used to be the working day after the admission.  

• WHO’s recommendations for the rational use of personal protective 
equipment (PPE) in health care (patients and operators) were 
applied during the in-hospital stay. 

2.3. Statistical analysis 

Continuous variables were presented as median and interquartile 
range (IQR), and compared using the Mann-Whitney U test. 

Categorical variables were presented as frequencies and percentages 
and compared using the Pearson’s chi-square test. All statistical tests 
were performed two-tailed, and a p-value <0.05 was considered as the 
threshold for statistical significance. Statistical analyses were performed 
using IBM SPSS Statistics 25.0 (IBM Corporation, New York, USA). 

3. Results 

3.1. Baseline, pre-procedural and procedural characteristics 

A total of 536 patients were included in the present analysis. Among 
these, 227 (42.4%) underwent TAVI during the COVID 19 pandemic 
between March 15th 2020 and April 2021, whereas 309 (57.7%) un-
derwent TAVI before the pandemic during an equivalent time period, 
from February 2019 to March 14th 2020. A 26.5% reduction of TAVI 
procedures was then observed (Supplementary Fig. 1). 

Patients had a median age and a STS Mortality score of 81 (77–85) 

Fig. 1. TAVI care pathway with changes made during 
the COVID-19 pandemic. 
The illustration shows the same TAVI care pathway 
but first one (orange) is before and the second one is 
after the COVID-19 pandemic (blue). Looking first at 
the one before the COVID pandemic (orange), we can 
see that the staged pre-procedural planning for TAVI 
(CTA and discussion by local Heart Team) was done 
in a different hospitalization (as an outpatient). TAVI 
procedure was performed in another hospitalization. 
Moving on to the second picture (blue), we can see 
that the day before hospitalization, patients were 
tested for SARS-CoV-2 by real-time reverse tran-
scription polymerase chain reaction (rRT-PCR) with a 
swab. Pre-procedural CTA was performed during the 
same hospitalization, on the admission day. Case 
discussion by Heart-Team was carried on the same 
morning of TAVI procedure. TAVI was performed two 
days (median) after the admission day. Abbreviations: 
TAVI, Transcatheter Aortic Valve Implantation; 
COVID, CoronaVirus Disease-19; CTA, Computed 
Tomography Angiography; LT, Life-Threatening; PPI, 
Permanent Pacemaker Implantation; AKI, acute kid-
ney injury. (For interpretation of the references to 
colour in this figure legend, the reader is referred to 
the web version of this article.)   
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years and 3.3 (2.2–4.8)%, respectively, and were in New York Heart 
Association (NYHA) class III/IV before TAVI in most of cases (n = 365, 
68.1%). At baseline, patients treated during the COVID-19 period had a 
higher incidence of prior myocardial infarction (MI) (17.2% vs. 9.4%, p 
< 0.01). Baseline demographic, clinical and echocardiographic charac-
teristics are summarized in Table 1. 

Time from diagnosis of severe aortic stenosis to TAVI hospitalization 
was shorter in the COVID-19 period [40 (36.5–58) vs. 19 (10.75–29.25), 
p < 0.01]. 

During the COVID-19 pandemic, patients underwent pre-procedural 
CTA assessment in a higher percentage of cases compared to pre- 
pandemic period (97.4% vs. 92.6%, p < 0.01), with the vast majority 
undergoing CTA during the same hospitalization (81.9% vs. 45.6%, p <
0.01). Times between pre-procedural CTA and TAVI [2 (1–4) vs. 7 
(2–28), p < 0.01] was shorter during the pandemic. Pre-procedural CTA 
characteristics are shown in Supplementary Table 1. No patients 
admitted during the COVID-19 period were found ineligible for TAVI. 

The transfemoral approach was the most used TAVI access during 
both periods taken into account (n = 532, 99.3%). Procedural charac-
teristics are reported in Supplementary Table 2. 

3.2. Postprocedural outcomes 

Postprocedural outcomes are presented in Fig. 2 and Supplementary 
Table 3. High rates of device success were reported in both time periods 
taken into account (96.5% vs. 95.8% for pandemic and pre-pandemic 
periods respectively, p = 0.69). During hospitalization, no differences 

in all-cause death (3.1 vs. 3.2, p = 0.92), cardiovascular death (2.6 vs. 
2.6, p = 0.97), stroke (0.9 vs. 2.9, p = 0.10), MI (0.0 vs. 0.6, p = 0.23), 
permanent pacemaker implantation (PPI) (7.5 vs. 10.4, p = 0.26), and 
acute kidney injury (AKI) (7.0% vs. 7.4%, p = 0.85) were reported be-
tween pandemic and pre-pandemic periods. Lower rates of life- 
threatening bleeding (0.4% vs. 4.2%, p = 0.01), major vascular 
complication (2.2% vs. 8.7%, p < 0.01) and left bundle branch block 
(LBBB) (20.7% vs. 28.5%, p = 0.04) were reported in COVID-19 period 
patients. 

During COVID-19 pandemic, shorter postprocedural and total length 
of stay [2 (1–3) vs. 2 (2–4) days, and 4 (3–7) vs. 5 (4–8) days respec-
tively, p < 0.01 for both] were reported (Supplementary Fig. 2). 

In an exploratory analysis including only patients with severe renal 
impairment at baseline (<30 ml/min/1.73m2), performing pre- 
procedural CTA the working day before TAVI, was not associated with 
increased rates of AKI during the COVID-19 pandemic period (25% vs 
28.2%, p = 0.75). 

3.3. Thirty-day outcomes 

Thirty-day outcomes are reported in Table 2. Thirty-day rates of all- 
cause death (4.0% vs. 4.5%, p = 0.75) and major adverse cardiovascular 
events (MACE) (4.0% vs. 6.1%, p = 0.26) were similar between patients 
treated during the COVID-19 pandemic and pre-pandemic periods. No 
differences in stroke (1.8 vs. 3.6, p = 0.21), PPI (9.3 vs. 11.3, p = 0.44), 
MI (0.0 vs. 0.6, p = 0.23) and hospitalization for heart failure (HF) rates 
(1.8 vs. 1.3, p = 0.66) were reported. 

4. Discussion 

In February 2020, first cases of COVID-19 infection were confirmed 
in Italy. Thereafter, there was an exponential increase of COVID-19 
cases, reaching three peaks, the first in March 2020, the second in 
November 2020 and the last one in March 2021 [7]. During the whole 
period, total lockdown and dynamic quarantines were carried out all 
over the country. In order to control the community transmission of 
COVID-19, the main pandemic goal was to minimize the risk of COVID- 
19 exposure for all individuals and healthcare providers. Besides, due to 
the limited resources, there was the necessity to preserve PPE, cardio-
pulmonary assistance equipment and ICU beds occupation, as well as to 
rearrange lots of services of healthcare system in general. As a result, 
access to cardiovascular assistance was limited in the whole Italian 
territory and relevant issues regarding the priority of cardiac cares and 
invasive treatments, emerged [8,9]. 

Due to the poor prognosis of patients affected by severe symptomatic 
AS, deferring its treatment (either surgical aortic valve replacement 
(SAVR) or TAVI) by several months would have therefore resulted in 
thousands of preventable deaths [5]. The European Society of Cardiol-
ogy (ESC) group proposed criteria for prioritizing treatment of patients 
with severe AS. Accordingly, patients with reduction in ejection fraction, 
NYHA class III-IV, or syncope secondary to AS should not be denied to 
valve replacement. Patients with moderate symptoms should be care-
fully evaluated and screened for the need of a timely intervention, 
whereas treatment of patients with mild symptoms might be reasonably 
postponed by few months. Importantly, the aforementioned document 
states that the use of a less invasive procedure such as transfemoral TAVI 
should be offered even to selected low-risk patients, providing the op-
portunity to minimize ICU and hospital stay [10]. 

In our center, the TAVI program has not been interrupted during the 
COVID-19 pandemic, even though we reported a significant decrease in 
the number of procedures performed from March 2020 to April 2021 
due to important restrictions in the access to the hospital mandated by 
the regional governance. We then remodelled the entire TAVI logistics 
and work-up to accomplish the changing needs of healthcare systems 
and face the emerging need of minimizing patients’ hospitalization 
(Supplementary Figs. 3 and 4). Indeed, the staged pre-procedural 

Table 1 
Baseline characteristics of pre-COVID and COVID period patients.   

All patients 
(n = 536) 

Pre-COVID 
period (n =
309) 

COVID period 
(n = 227) 

p- 
Value 

Age (years), median 
(IQR) 

81 (77–85) 82 (78–85) 81 (77–85) 0.28 

Female, n (%) 316 (59.0) 182 (58.9) 134 (59.0) 0.98 
STS Mortality Score, 

median (IQR) 
3.3 
(2.2–4.8) 

3.3 (2.3–4.9) 3.1 (2.0–4.7) 0.24 

BMI, median (IQR) 27 (24–30) 27 (24–30) 27 (23− 30) 0.71 
Hypertension, n (%) 468 (87.3) 272 (88.0) 196 (86.3) 0.56 
Diabetes, n (%) 195 (36.4) 110 (35.6) 85 (37.4) 0.66 
Prior MI, n (%) 68 (12.7) 29 (9.4) 39 (17.2) <0.01 
Prior CABG, n (%) 28 (5.2) 14 (4.5) 14 (6.2) 0.40 
Prior PCI, n (%) 84 (15.7) 44 (14.2) 40 (17.6) 0.29 
Prior stroke, n (%) 24 (4.5) 14 (4.5) 10 (4.4) 0.95 
Prior pacemaker, n 

(%) 
40 (7.5) 25 (8.1) 15 (6.6) 0.52 

COPD, n (%) 79 (14.7) 50 (16.2) 29 (12.8) 0.27 
AF, n (%) 132 (24.6) 78 (25.2) 54 (23.8) 0.70 
NYHA class ≥ III, n 

(%) 
365 (68.1) 218 (70.6) 147 (64.8) 0.14 

Renal failure, n (%) 75 (14.0) 39 (12.6) 36 (15.9) 0.29 
Anticoagulant, n (%) 113 (21.1) 62 (20.1) 51 (22.5) 0.50 
SAPT, n (%) 246 (45.9) 122 (39.5) 124 (54.6) 0.01 
DAPT, n (%) 37 (6.9) 9 (2.9) 28 (12.3) <0.01 
DAT, n (%) 17 (3.2) 5 (1.6) 12 (5.3) 0.02  

Echocardiographic parameters 
LVEF, median (IQR) 55 (48–60) 55 (50–60) 55 (48–60) 0.66 
Mean Gradient, 

mmHg, median 
(IQR) 

46 (39–56) 47 (38–55) 46 (39.5–56.5) 0.98 

AVA, cm2, median 
(IQR) 

0.6 
(0.5–0.7) 

0.6 (0.5–0.7) 0.6 (0.5–0.7) 0.14 

Abbreviations: AF, Atrial Fibrillation; AVA, Aortic Valve Area; BMI, Body Mass 
Index; CABG, Coronary Artery Bypass Graft; COPD; Chronic Obstructive Pul-
monary Disease; IQR, InterQuartile Range; DAPT, Dual Antiplatelet Therapy; 
DAT, Dual Therapy; LVEF, Left Ventricle Ejection Fraction; MI, Myocardial 
Infarction; NYHA, New York Heart Association; PCI, Percutaneous Coronary 
Intervention; SAPT, Single Antiplatelet Therapy; STS, Society of Thoracic 
Surgery. 
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planning for TAVI was forced in the same hospitalization of the pro-
cedure instead of an ad-hoc prior hospital access as in the pre-COVID-19 
pandemic period. After the ascertainment of a negative test for COVID- 
19 infection performed before admission, the ECG-gated CTA was per-
formed the day of hospital admission for TAVI procedure, CTA acqui-
sitions were analyzed the working day after, when the TAVI procedure 
was scheduled, and concomitant, on-demand case discussion by local 
Heart Team was carried on just before the beginning of the cath-lab daily 
planning. Before and during pandemic period, screening of coronary 
artery disease (CAD) was routinely performed in the same setting of 
TAVI [11]. In case of severe coronary stenosis (>70%) in proximal 
segments, percutaneous coronary intervention (PCI) was performed 
concomitantly to TAVI procedure if there was evidence of myocardial 
viability at pre-procedural examinations and low PCI complexity was 
expected. 

This strategy allowed to reduce staff and patients potential exposure 
to COVID-19 infection, and to lower health system overload by per-
forming a single hospitalization for both TAVI workup and procedure 
and optimizing in-hospital length of stay. Accordingly, a next-day 
discharge strategy was the standard pathway for uncomplicated TAVI 
without predictors of developing complete atrio-ventricular block 

during the pandemic, once again aiming at minimizing in-hospital 
length of stay [12]. 

Our analysis showed that the optimized logistics during the 
pandemic was safe and effective as no differences in mortality and major 
adverse cardiovascular events were reported compared to pre-pandemic 
period both in-hospital and at 30 days. 

We reported lower rates of life-threatening bleeding and of major 
vascular complications during the pandemic. The reason behind this 
finding is probably due to an enhanced collaboration between our local 
interventional and vascular surgery teams, which set up a new algorithm 
to treat TAVI candidates with complex vascular accesses. That happened 
in correspondence with the first COVID-19 outbreak, and led to a better 
patient selection for either femoral or alternative approaches for TAVI, 
and subsequent lowering of vascular complication and bleeding rates. 
Also, these results might be reasonably linked to the greater attention to 
any vascular complication related to the procedure and the more 
aggressive strategy adopted to solve them by TAVI operators. In fact, 
case-by-case evaluation of vascular access closure by multiple digital- 
subtraction angiographies was carry on in order to timely detect the 
presence of any sort of small vascular damage, and to promptly treat it 
with an appropriate endovascular treatment (ballooning or stenting). 
This allowed to avoid a longer post-procedural care and a higher usage 
of hospital resources, without reducing the safety of our patients. 

Importantly, although performing pre-procedural CTA the day 
before TAVI procedure could increase the risk of AKI, comparable AKI 
rates were reported between COVID-19 pandemic and pre-pandemic 
periods both in the overall population and in the subset of patients 
with already known renal impairment [13]. 

The waiting period before TAVI was significantly shorter during 
COVID-19 period. This was probably the result of either the impact of 
the new logistics or the refusing of the procedure by patients themselves. 
Indeed, whilst our TAVI program has been continued during the COVID- 
19 pandemic, patients refused hospitalization much more often than in 
the past due to concern about the risk of COVID-19 infection. 

Of note, none of 227 TAVI patients tested positive for COVID-19 
during the pandemic period. This definitely proved the goodness of 
the strategies used for minimizing patients’ exposure to COVID-19 
infection during the in-hospital period. 

Our results are concordant with studies carried out in several 

Fig. 2. Procedural Outcomes during COVID (blue) and pre-COVID period (orange). Abbreviations: COVID, CoronaVirus Disease-19; TIA Transient Ischemic Attack; 
AKI, acute kidney injury; PPI, Permanent Pacemaker Implantation; LT, Life-Threatening. (For interpretation of the references to colour in this figure legend, the 
reader is referred to the web version of this article.) 

Table 2 
Thirty-day outcomes of pre-COVID and COVID period patients.   

All patients 
(n = 536) 

Pre-COVID 
period (n =
309) 

COVID 
period (n =
227) 

p- 
Value 

All-cause death, n 
(%) 

23 (4.3) 14 (4.5) 9 (4.0) 0.75 

CV death, n (%) 18 (3.4) 10 (3.2) 8 (3.5) 0.86 
Any stroke, n (%) 15 (2.8) 11 (3.6) 4 (1.8) 0.21 
PPI, n (%) 56 (10.4) 35 (11.3) 21 (9.3) 0.44 
MI, n (%) 2 (0.4) 2 (0.6) 0 0.23 
MACE, n (%) 28 (5.2) 19 (6.1) 9 (4.0) 0.26 
Hospitalization for 

HF, n(%) 
8 (1.5) 4 (1.3) 4 (1.8) 0.66 

Abbreviations: COVID, CoronaVirus Disease-19; CV, CardioVascular; HF, Heart 
Failure; LBBB, Left Bundle Branch Block; MACE, Major Adverse Cardiovascular 
Events; MI, Myocardial Infarction; PPI, Permanent Pacemaker Implantation; TIA 
Transient Ischemic Attack. 
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countries (Israel, United Kingdom, Poland, Holland, France) that did not 
show significant differences in mortality and procedural outcomes be-
tween the pandemic and pre-pandemic periods, thus supporting the 
possibility to maintain safely the TAVI program by adopting adequate 
safety measures and pathway during pre, peri- and post-procedural cares 
[14–17]. 

The optimization of the TAVI pathway adopted during the COVID-19 
pandemic, could be applied to the standard practice after the pandemic 
period, thus aiming at offering patients a smoother and faster access to 
TAVI treatment, as well as at decreasing the utilization of hospital re-
sources and therefore minimizing the weight of TAVI treatment on 
health systems. 

5. Limitations 

This is a retrospective, single-centre study analysis and therefore it 
suffered from several limitations. Moreover, outcomes beyond one 
month after TAVI should be further investigated. 

6. Conclusions 

The COVID-19 pandemic had a remarkable impact on national 
healthcare systems worldwide and a number of patients affected by 
severe AS were forced to postponed their treatment. We showed that the 
use of an optimized single-hospitalization logistics for TAVI workup and 
procedure developed during the COVID-19 pandemic, showed to be as 
safe and effective as the two-stage TAVI pathway previously adopted, 
allowing the minimization of potential exposure to COVID-19 infection 
and hospital resources, and shortening times to treatment for severely 
symptomatic patients. Therefore, such strategy could be reasonably 
adopted also after the pandemic period. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.ijcard.2022.01.038. 
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