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“video encounters offer a direct glimpse into the lives of pa-
tients, an updated version of the traditional home visit.”27

Thus, determining the impact of virtual visits compared

with in-person visits is a clear research priority, as more than
half of all visits with physicians in Canada have been virtual
since the beginning of the pandemic.28

Figure 1. Potential effects of the COVID-19 pandemic on cardiovascular morbidity and mortality. The height and time scale of the 3 waves in this
figure are uncertain and not to scale. Waves of cardiovascular mortality and morbidity should be distinguished from “waves” of pandemic COVID-19.
We expect each additional “wave” of pandemic COVID-19 to create echoing waves of cardiovascular mortality and morbidity, owing to primary,
secondary, and tertiary effects, particularly to the extent that previously relaxed pandemic precautions and curtailments of normal socioeconomic
and health care-related activities are reinstated.

Table 1. Mechanisms for potential effects of COVID-19 pandemic on subsequent cardiovascular mortality and morbidity

Impacts on CV morbidity or
mortality Direct effects of COVID-19 Delayed/foregone health care Social and economic impacts

Primary impact (days-weeks) ⋄ Myocarditis
⋄ Acute coronary syndrome
⋄ Microvascular thromboses
⋄ Arrhythmias
⋄ Septic/stress-induced

cardiomyopathy
⋄ Pericarditis

⋄ Out-of-hospital cardiac arrests
⋄ Delayed presentation of MI/stroke

Secondary impact (weeks-
months)

⋄ Heart failure/structural heart com-
plications caused by missed or late
presentations of MI

⋄ Shortages of important CV risk-
reducing medications

⋄ “Infodemic” misinformation
⋄ Reduced adherence with CV risk

reducing therapy as an unintended
consequence of 30-day refill
restrictions

⋄ Reduced secondary cardiovascular
prevention caused by the following:
o Foregone outpatient visits
o Shift to virtual visits
o Curtailment of routine outpatient

laboratory monitoring

⋄ Income loss and unemployment
⋄ Physical inactivity
⋄ Social isolation, depression, and

anxiety

Tertiary impact (months-years) ⋄ Unknown: May include heart fail-
ure, myocardial fibrosis, scar-related
arrhythmia, etc.

⋄ COVID-induced diabetes effect on
CV risk

⋄ Reduced primary and secondary
cardiovascular prevention due to: o
Foregone outpatient visits
o Shift to virtual visits
o Curtailment of routine outpatient

laboratory monitoring

⋄ Income loss and unemployment
⋄ Physical inactivity
⋄ Social isolation, depression, and

anxiety

CV, cardiovascular; MI, myocardial infarction.
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CENTRAL ILLUSTRATION Reduction in Worldwide Cardiovascular Disease Diagnostic Testing Volume in the
Beginning of the Coronavirus Disease 2019 Pandemic (March and April 2020)
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(Top panel) Bar chart of cardiovascular disease test volumes by International Atomic Energy Agency world regions for 2019 and for 2 months in 2020. Note the
different y-axis for world regions and worldwide. The percent reductions from 2019 are reported at the tops of the columns. (Bottom panel) World map demon-
strating reductions in total cardiovascular procedural volume from March 2019 to April 2020 across the 108 participating countries. Countries or territories of a country
shaded gray did not have data available. The procedures recorded included morphologic and other types of rest imaging (transthoracic echocardiography and
transesophageal echocardiography, cardiac magnetic resonance, positron emission tomography for infective endocarditis), coronary imaging (coronary computed
tomography angiography, coronary artery calcium, and invasive coronary angiography) and stress imaging (exercise electrocardiography, stress echocardiography,
nuclear stress imaging [single-photon emission computed tomography and positron emission tomography], and stress cardiac magnetic resonance). S.E. ¼ Southeast.
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Foundation for Statistical Computing, Vienna,
Austria), Stata version 16 (Stata Corporation, College
Station, Texas), and Microsoft Excel 2016 (Microsoft,
Redmond, Washington). Maps were created using
rnaturalearth and tmap packages in R.

RESULTS

CENTERS. Data were obtained from 909 inpatient and
outpatient centers in 108 countries, of which 846
centers in 106 countries provided data on procedure
volumes. Figure 1 details the iterative exclusion
criteria applied to select the final sample, and charac-
teristics of these centers are summarized in Table 1. A
total of 1.3 million cardiac diagnostic procedures were
performed at participating sites during the 3 months
considered. Countries contributing data had a com-
bined population of 6.7 billion, and over 3.2 million

cases of COVID-19, constituting 99% of the world’s
reported cases, as of the end of the study period.

PROCEDURE REDUCTION. Worldwide, cardiac diag-
nostic procedure volumes decreased by 42% from
March 2019 to March 2020 and by 64% from March
2019 to April 2020. This varied markedly between
world regions and countries (Central Illustration),
with the greatest regional decreases in the Middle
East and Latin America. In general, volumes
decreased from March to April of 2020; only the Far
East demonstrated recovery in April 2020, with
further reductions seen in all other regions. Separate
generalized linear models for world region and over-
all found significant declines in procedural volume
(p < 0.001) using regression models weighted by 2019
procedural volume. The decrease in procedures also
varied between specific procedure types (Figures 2
and 3). Transthoracic echocardiography decreased by

FIGURE 2 Worldwide Reduction in Individual Cardiac Procedure Types During the Beginning of the COVID-19 Pandemic
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The bar graph demonstrates the reduction in the number of each procedure type for the entire world between March 2019, March 2020, and April 2020.
All types of stress test modalities (exercise electrocardiography, stress echocardiography, nuclear stress imaging [single-photon emission computed
tomography and positron emission tomography], and stress cardiac magnetic resonance) are grouped together. All modalities demonstrate a reduction in
March 2020 and a further reduction in April 2020. CMR ¼ cardiac magnetic resonance; COVID-19 ¼ coronavirus disease 2019; CT ¼ computed
tomography; TEE ¼ transesophageal echocardiography; TTE ¼ transthoracic echocardiography.
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Figure 1 Weekly national data for excess total, non-COVID and 
cardiovascular deaths in England and Wales, and ...

Figure 1 Weekly national data for excess total, non-COVID and cardiovascular deaths in England and Wales, and emergency department cardiac attendances for England: relative risks. 
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Conséquence du COVID sur les patients avec SA

1.Impact primaire : infection à COVID, population cible 
• hospitalisation 
• décès 
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Thoenes et al. Aortic stenosis screening in primary care

European perspective on direct costs of AS is provided by 
Veronesi et al., who compared the cost of illness for a period 
of 2 years before an index hospitalisation for AS with costs 
of the two subsequent years in a cohort of 919 patients 
hospitalised between 2007–2011 in Italy. In patients who 
received surgical valve replacement, direct costs decreased 
from 28,365 EUR to 8,002 EUR after the intervention, 
indicating a significant cost burden of untreated severe 
AS patients (21). Patients with severe AS are costly to care 
for due to repeated hospitalisation and the need for heart 
failure therapies (cheap generics) (22).

AS: awareness and diagnosis rates

The biggest catalyst for the implementation of successful 
disease screening measures is  to increase public, 
patient and physician awareness of AS. According to a 
recently published survey in almost 9,000 subjects aged  
≥60 years across nine European countries, only 2% of the 
respondents expressed concerns about VHD. In contrast, 
28% of study patients were concerned about cancer and 
25% about Alzheimer’s disease. When patients were asked 
about their knowledge of AS, 92% of respondents had 
no knowledge of the condition or provided an incorrect 
definition. Interestingly, when provided with information 
about AS, about 5% of patients reported greater level of 
concern and had recognised symptoms in themselves (23). 

The low awareness of AS symptoms and their importance 
was confirmed in another study of patients after diagnosis 
with severe AS, in which only 27–56% reported awareness 
of 1 of 3 main AS symptoms (shortness of breath, angina 
and dizziness/syncope), 69% reported awareness of two 
symptoms and only 16% reported awareness of all three 
symptoms (24). As the occurrence of symptoms usually 
defines the timing of valve replacement therapy in patients 
with severe AS, a low level of symptom awareness in 
previously diagnosed and undiagnosed patients could 
contribute to undertreatment or a significant delay in 
treatment and premature death (Figure 2). With this 
in mind, a variety of patient awareness campaigns are 
underway to help patients with the early identification of 
typical AS symptoms (25).

Diagnostic evaluation 

Patients presenting with symptoms of advanced AS, 
including angina, dyspnoea and syncope, have a much higher 
mortality rate than asymptomatic patients. When patients 
present as a medical emergency, an initial diagnostic work-
up should include an electrocardiogram, complete blood 
count, basic metabolic profile, coagulation studies, troponin, 
BNP and a chest radiograph (26). Essential diagnostic tests 
for AS, which can be performed in any medical environment, 
are auscultation and transthoracic echocardiography (TTE), 

Figure 2 Estimated number of patients being diagnosed with severe symptomatic aortic stenosis in the European Union by age and the 

proportion of patients remaining undiagnosed or undergoing SAVR or TAVI (Edwards Lifesciences, data/references on file). SAVR, surgical 
aortic valve replacement; TAVI, transcatheter aortic valve implantation; AS, aortic stenosis.
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a misleading representation of the underlying level of transmission. 
Focusing on COVID-19-associated death data in younger individuals, 
however, may provide more-reliable insights into the underlying nature 
of transmission.

Seroprevalence surveys provide valuable information on the pro-
portion of the population that have ever experienced an infection6–9, 
however, they can be subject to a number of biases and variable per-
formance of different assays can complicate comparisons of results 
across studies10. Here, we present a model framework that integrates 
age-specific COVID-19-associated death data from 45 countries with 
22 national-level seroprevalence surveys, providing insights into the 
consistency of infection fatality patterns across countries (Fig. 1a). We 
use our model to produce ensemble IFR estimates by age and sex in a 
single harmonized framework as well as estimates of the proportion 
of the population that has been infected in each country.

Age-specific mortality patterns
Using population age structures and age-specific death data, we com-
pare the relative number of deaths by age within each country, using 
55–59-year-old individuals as the reference group. We find a very con-
sistent pattern in the relative risk of death by age for individuals younger 
than 65 years of age across countries and continents, with a strong 
log-linear relationship between age and risk of death for individuals 
who are 30–65 years old (Fig. 1b and Supplementary Methods 1). The 
observed relative risk of death in older individuals appears to be sub-
stantially more heterogeneous across locations. Given the potential for 
important variability in mortality associated with outbreaks in nursing 

homes across countries, we first investigate mortality patterns specifi-
cally in the general population, using age-specific deaths of individuals 
aged 65 years and older from England, for which the granularity of 
the data enables us to remove deaths that occurred in nursing home 
populations. We find that the log-linear relationship between age and 
risk of death continues into older age groups (Fig. 1b). To assess the 
generalizability of the data from England to other countries, we use 
these estimates to reconstruct the number of deaths in the general 
population—that is, excluding nursing homes—in 13 other countries 
and find that the predictions are consistent with the reported num-
bers of deaths in the general population (Fig. 1c and Supplementary 
Methods 2).

To translate the relative risks of death by age to the underlying IFR, 
we combine age-specific death data with 22 seroprevalence surveys, 
representing 16 of the 45 countries (multiple studies are available 
for Belgium, England, Scotland, Sweden and the Netherlands) (Sup-
plementary Table 1). We use daily time series of reported deaths to 
reconstruct the timing of infections and subsequent seroconversions. 
To limit biases that can be introduced by outbreaks in nursing homes 
and potentially variable reporting practices of fatalities among indi-
viduals aged 65 years of age and older, we fit our model investigating 
the relationship between seroconversion and mortality exclusively 
to death data from those younger than 65 years. To infer IFRs in age 
groups 65 years and older, we use our estimates of the relative risk of 
death derived from data from England of deaths that did not occur in 
nursing homes. As our baseline model, we use an ensemble model in 
which we include results from all national-level seroprevalence studies 
within a single framework. In addition, we consider separate models 
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Fig. 1 | Patterns of COVID-19-associated mortality across settings.  
a, Countries with age-specific death data (beige) and locations with 
seroprevalence data (dots). b, Estimated median and 95% credible intervals of 
the proportion of the population that has died in each age group, relative to the 
proportion of population that has died among 55–59-year-old individuals in 
that country (black dots and lines), plotted on a log-linear scale. Coloured dots 
represent the country- and age-specific relative risks (RR) of COVID-
19-associated death in the population relative to the risks of 55–59-year-old 
individuals observed from reported death data, accounting for population age 
distributions (Supplementary Methods 1) (n = 538,477 reported deaths). All 
data points are plotted at the midpoint of the reported age group. The grey 
shaded areas highlight the relative risks of death by age for age groups of 

65 years and older, which were excluded from model fitting and black asterisks 
represent estimates inferred solely from England data, which were derived 
independent of deaths that occurred in nursing homes. c, Comparing the 
reconstructed incidence of deaths with reported data for age groups aged 60 
or 65 years and older for a subset of countries from which deaths that occurred 
in nursing homes could be excluded. Black dots and lines indicate the 
estimated median and 95% credible intervals derived from only the England 
data (blue bar); orange bars show the reported incidence of deaths of 
individuals aged 60 years and older in 13 additional countries that did not occur 
in nursing homes. Countries labelled with an asterisk indicate those in which 
the number of deaths were reconstructed for those aged 65 years and older, to 
align with the reported age groups for each country.
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Me J 
• 85 ans 

• HTA, DNID 

• Absence d’ATCD 

• RA serré symptomatique 

• ETT : FEVG 60%. SA : 0,5 cm2/M2, Gradient moyen 50 mmHg 

• TAVI programmé 

• Admise aux urgences pour insuffisance respiratoire aiguë évoluant rapidement vers un choc cardiogénique 

• Diagnostic : COVID 

• Décès en 24h



Conséquence du COVID sur les patients avec SA

1.Impact primaire : infection à COVID, population cible 
•hospitalisation 
•décès 

2.Impact secondaire : 
•diminution du diagnostic de SA 
•retard d’hospitalisation 
•délai important d’intervention 
•décès ou hospitalisation 



In Figure 3B, we show that the probability that the non-
inferiority criteria of the PARTNER A trial would have been
met with increasing TAVR wait time. At extended TAVR
wait times beyond 180 days, noninferiority of TAVR was met
in only 59% of simulations.

Crossover

In Supplemental Appendix S3, we show the effect of
crossover of TAVR patients to conventional surgery. Although
the likelihood of meeting noninferiority improved as the
proportion of crossover increased, this effect was modest.

Discussion
To our knowledge, our study is the first in the literature to

evaluate the effect of delayed access to TAVR, and provides
insight into the importance of wait time and outcomes. Using
mathematical modelling to simulate the results from the
PARTNER randomized trial with increasing TAVR wait
times, we found that modest increases in TAVR wait times
would have a substantial effect on the effectiveness of TAVR
in inoperable patients and high-risk surgical candidates.
Although TAVR would result in fewer deaths in patients
deemed inoperable regardless of wait time, the magnitude of
benefit decreased dramatically. In the high-risk surgical can-
didates, at TAVR wait times beyond 60 days, TAVR was less
effective on average compared with conventional surgery.

There is ample literature on the importance of wait-time
management in health care, and specifically in coronary
angiography and cardiac surgery.7-12 For example, in Ontario,
Canada, because of prolonged wait times for coronary artery
bypass grafting, resources were allocated to the development
and monitoring of acceptable wait time benchmarks for

procedures dependent on clinical risk.7,10,13 Because the ca-
pacity for cardiac surgery has increased with concomitant
decrease in surgical demand because of the availability of less
invasive percutaneous options, prolonged wait times for car-
diac surgery have become less of an issue. Nonetheless, this
historical perspective highlights the potential benefit of such a
tracking system in TAVR.

Few data are currently available in the literature on
contemporary TAVR wait times. To our knowledge, the only
study that reports this metric is a multicentre observational
study from the Netherlands on 358 patients referred for
TAVR, which showed a median wait time of 71 days from
acceptance to the procedure, with an interquartile range from
30 to 119 days.14 Because we populated our models with data
from the PARTNER studies, we used the time of randomi-
zation as the start of the wait time. This corresponded to the
time at which the diagnostic work-up was completed in
clinical practice. An important caveat is that the time for
diagnostic work-up for patients with severe AS might be long.
Indeed, the patients often have multiple imaging studies,
require invasive coronary angiography, and are assessed by
multiple specialists. Previous investigators have found that
incorporation of this diagnostic work-up period adds sub-
stantially to wait times in conventional AS surgery, and rec-
ommended that this be adopted as the true wait time.15

Addition of this diagnostic work-up period would affect
TAVR and conventional surgery. However, the time for work-
up for TAVR is typically longer, because it often involves
additional imaging such as computed tomography angiog-
raphy and might also require antecedent percutaneous revas-
cularization. As such, our findings might underestimate the
effect on TAVR outcomes if the full wait time from referral to
procedure was incorporated.

Our findings have implications on care delivery for severe
AS patients who are TAVR candidates. Because of the
importance of wait-time monitoring, ideally detailed infor-
mation should be collected on the time of referral for TAVR
work-up, the time at which diagnostic work-up is complete,
and the time at which a patient is accepted for the procedure.
Data on delays in any of these intervals should be made
available to programs in a timely fashion, such that cases can
be triaged. This is especially important for the patients in
whom surgery is an option. The clinical decision of when
high-risk surgery is preferable over TAVR should incorporate
the program’s current TAVR wait time, and the associated
potential wait-time mortality. Creating such benchmarks for
appropriate wait times should be a priority.

Table 3. TAVR vs surgery in the high-risk (PARTNER A) cohort

Surgical wait time* Surgery 1-year death Surgery wait-time death TAVR wait time TAVR 1-year death TAVR wait-time death

15.6 days (0-35.3) 27.1 (26.9-27.3) 2.5 (2.46-2.54) 10 days 24.5 (24.3-24.7) 2.2 (2.16-2.24)
15.6 days (0-35.3) 27.0 (26.8-27.2) 2.5 (2.46-2.54) 20 days 24.7 (24.5-24.9) 3.1 (3.05-3.15)
15.6 days (0-35.3) 27.1 (26.9-27.3) 2.5 (2.46-2.54) 30 days 25.2 (25.0-25.4) 4.2 (4.13-4.27)
15.6 days (0-35.3) 27.0 (26.8-27.2) 2.5 (2.46-2.54) 60 days 26.7 (26.5-26.9) 8.1 (7.98-8.22)
15.6 days (0-35.3) 27.1 (26.9-27.3) 2.5 (2.46-2.54) 90 days 28.2 (28.0-28.4) 11.8 (11.63-11.97)
15.6 days (0-35.3) 27.1 (26.9-27.3) 2.5 (2.45-2.55) 120 days 29.6 (29.4-29.8) 15.5 (15.30-15.70)
15.6 days (0-35.3) 27.0 (26.8-27.2) 2.5 (2.46-2.54) 180 days 32.6 (32.3-32.9) 22.4 (22.12-22.68)

Data are presented as % (95% CI) except where otherwise noted.
CI, confidence interval; TAVR, transcatheter aortic valve replacement.
* Surgical wait times for all scenarios were drawn from a normal distribution with a mean of 15.6 days and confidence intervals as shown, similar to the

Placement of Aortic Transcatheter Valves (PARTNER) trial.

Table 2. TAVR vs conservative medical therapy in the inoperable
(PARTNER B) cohort

TAVR wait
time

Conservative medical
therapy 1-year death

TAVR 1-year
death

TAVR wait
time death

Wait 10 days 49.8 (49.6-50.1) 31.5 (31.3-31.7) 1.9 (1.87-1.93)
Wait 20 days 49.7 (49.5-50.0) 32.2 (32.0-32.4) 3.7 (3.66-3.74)
Wait 30 days 49.9 (49.7-50.1) 32.8 (32.6-33.0) 5.5 (5.44-5.56)
Wait 60 days 49.8 (49.6-50.1) 34.6 (34.4-34.8) 10.7 (10.61-10.79)
Wait 90 days 49.7 (49.5-50.0) 36.4 (36.2-36.6) 15.7 (15.58-15.82)
Wait 120 days 49.8 (49.6-50.1) 38.0 (37.8-38.2) 20.3 (20.16-20.44)
Wait 180 days 49.7 (49.5-50.0) 41.4 (41.2-41.6) 28.9 (28.71-29.09)

Data are presented as % (95% CI).
CI, confidence interval; TAVR, transcatheter aortic valve replacement.
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In Figure 3B, we show that the probability that the non-
inferiority criteria of the PARTNER A trial would have been
met with increasing TAVR wait time. At extended TAVR
wait times beyond 180 days, noninferiority of TAVR was met
in only 59% of simulations.

Crossover

In Supplemental Appendix S3, we show the effect of
crossover of TAVR patients to conventional surgery. Although
the likelihood of meeting noninferiority improved as the
proportion of crossover increased, this effect was modest.

Discussion
To our knowledge, our study is the first in the literature to

evaluate the effect of delayed access to TAVR, and provides
insight into the importance of wait time and outcomes. Using
mathematical modelling to simulate the results from the
PARTNER randomized trial with increasing TAVR wait
times, we found that modest increases in TAVR wait times
would have a substantial effect on the effectiveness of TAVR
in inoperable patients and high-risk surgical candidates.
Although TAVR would result in fewer deaths in patients
deemed inoperable regardless of wait time, the magnitude of
benefit decreased dramatically. In the high-risk surgical can-
didates, at TAVR wait times beyond 60 days, TAVR was less
effective on average compared with conventional surgery.

There is ample literature on the importance of wait-time
management in health care, and specifically in coronary
angiography and cardiac surgery.7-12 For example, in Ontario,
Canada, because of prolonged wait times for coronary artery
bypass grafting, resources were allocated to the development
and monitoring of acceptable wait time benchmarks for

procedures dependent on clinical risk.7,10,13 Because the ca-
pacity for cardiac surgery has increased with concomitant
decrease in surgical demand because of the availability of less
invasive percutaneous options, prolonged wait times for car-
diac surgery have become less of an issue. Nonetheless, this
historical perspective highlights the potential benefit of such a
tracking system in TAVR.

Few data are currently available in the literature on
contemporary TAVR wait times. To our knowledge, the only
study that reports this metric is a multicentre observational
study from the Netherlands on 358 patients referred for
TAVR, which showed a median wait time of 71 days from
acceptance to the procedure, with an interquartile range from
30 to 119 days.14 Because we populated our models with data
from the PARTNER studies, we used the time of randomi-
zation as the start of the wait time. This corresponded to the
time at which the diagnostic work-up was completed in
clinical practice. An important caveat is that the time for
diagnostic work-up for patients with severe AS might be long.
Indeed, the patients often have multiple imaging studies,
require invasive coronary angiography, and are assessed by
multiple specialists. Previous investigators have found that
incorporation of this diagnostic work-up period adds sub-
stantially to wait times in conventional AS surgery, and rec-
ommended that this be adopted as the true wait time.15

Addition of this diagnostic work-up period would affect
TAVR and conventional surgery. However, the time for work-
up for TAVR is typically longer, because it often involves
additional imaging such as computed tomography angiog-
raphy and might also require antecedent percutaneous revas-
cularization. As such, our findings might underestimate the
effect on TAVR outcomes if the full wait time from referral to
procedure was incorporated.

Our findings have implications on care delivery for severe
AS patients who are TAVR candidates. Because of the
importance of wait-time monitoring, ideally detailed infor-
mation should be collected on the time of referral for TAVR
work-up, the time at which diagnostic work-up is complete,
and the time at which a patient is accepted for the procedure.
Data on delays in any of these intervals should be made
available to programs in a timely fashion, such that cases can
be triaged. This is especially important for the patients in
whom surgery is an option. The clinical decision of when
high-risk surgery is preferable over TAVR should incorporate
the program’s current TAVR wait time, and the associated
potential wait-time mortality. Creating such benchmarks for
appropriate wait times should be a priority.

Table 3. TAVR vs surgery in the high-risk (PARTNER A) cohort

Surgical wait time* Surgery 1-year death Surgery wait-time death TAVR wait time TAVR 1-year death TAVR wait-time death

15.6 days (0-35.3) 27.1 (26.9-27.3) 2.5 (2.46-2.54) 10 days 24.5 (24.3-24.7) 2.2 (2.16-2.24)
15.6 days (0-35.3) 27.0 (26.8-27.2) 2.5 (2.46-2.54) 20 days 24.7 (24.5-24.9) 3.1 (3.05-3.15)
15.6 days (0-35.3) 27.1 (26.9-27.3) 2.5 (2.46-2.54) 30 days 25.2 (25.0-25.4) 4.2 (4.13-4.27)
15.6 days (0-35.3) 27.0 (26.8-27.2) 2.5 (2.46-2.54) 60 days 26.7 (26.5-26.9) 8.1 (7.98-8.22)
15.6 days (0-35.3) 27.1 (26.9-27.3) 2.5 (2.46-2.54) 90 days 28.2 (28.0-28.4) 11.8 (11.63-11.97)
15.6 days (0-35.3) 27.1 (26.9-27.3) 2.5 (2.45-2.55) 120 days 29.6 (29.4-29.8) 15.5 (15.30-15.70)
15.6 days (0-35.3) 27.0 (26.8-27.2) 2.5 (2.46-2.54) 180 days 32.6 (32.3-32.9) 22.4 (22.12-22.68)

Data are presented as % (95% CI) except where otherwise noted.
CI, confidence interval; TAVR, transcatheter aortic valve replacement.
* Surgical wait times for all scenarios were drawn from a normal distribution with a mean of 15.6 days and confidence intervals as shown, similar to the

Placement of Aortic Transcatheter Valves (PARTNER) trial.

Table 2. TAVR vs conservative medical therapy in the inoperable
(PARTNER B) cohort

TAVR wait
time

Conservative medical
therapy 1-year death

TAVR 1-year
death

TAVR wait
time death

Wait 10 days 49.8 (49.6-50.1) 31.5 (31.3-31.7) 1.9 (1.87-1.93)
Wait 20 days 49.7 (49.5-50.0) 32.2 (32.0-32.4) 3.7 (3.66-3.74)
Wait 30 days 49.9 (49.7-50.1) 32.8 (32.6-33.0) 5.5 (5.44-5.56)
Wait 60 days 49.8 (49.6-50.1) 34.6 (34.4-34.8) 10.7 (10.61-10.79)
Wait 90 days 49.7 (49.5-50.0) 36.4 (36.2-36.6) 15.7 (15.58-15.82)
Wait 120 days 49.8 (49.6-50.1) 38.0 (37.8-38.2) 20.3 (20.16-20.44)
Wait 180 days 49.7 (49.5-50.0) 41.4 (41.2-41.6) 28.9 (28.71-29.09)

Data are presented as % (95% CI).
CI, confidence interval; TAVR, transcatheter aortic valve replacement.
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and require timely aortic valve replacement, reinforcing 
the need for wait-time management.26

Wait-time management has been of increasing im-
portance in Canada and other jurisdictions.27 Indeed, 
the majority of OECD (Organisation for Economic Co-
operation and Development) countries monitor national 
waiting time statistics and have procedural waiting time 
benchmarks, across multiple areas of medicine.28 The 
Canadian Wait Time Alliance has produced wait-time 
benchmarks for SAVR of 42 and 14 days for elective 
and urgent cases, respectively, based on an expert con-
sensus process.29 However, the area of wait times has a 
number of inherent difficulties, the first of which is how 
the wait-time metric is measured. In the literature, there 
are different ways that are used to measure wait time 
for cardiovascular interventions. In Ontario, wait time is 

defined as the interval from the referral to a cardiovas-
cular surgeon to the date of surgery.30 However, other 
studies define wait time as the shorter interval between 
the acceptance decision for cardiovascular intervention 
and the intervention date.31 It is important to consider 
the entire waiting interval, measured from first contact 
with medical care provider to procedure date, given the 
patient is at risk throughout this period, and there are 
processes within this time period that can be potentially 
improved and streamlined.32

Total wait time reflects the balance between de-
mand in one hand, and the availability of resources 
and capacity on the other. There is extremely limited 
published literature on TAVR wait times. To our knowl-
edge, the only previous paper was of 358 patients from 
3 centers; it found a median wait time of 71 days.11 

Figure 3. Cumulative incidence functions.  
A, Mortality on wait list in the first 100 days. B, Heart failure hospitalization on wait list in the first 100 days. CI indicates confidence interval; and TAVR, transcath-
eter aortic valve replacement.
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cal treatment (n=176), non-TAVR candidate due to a 
medical decision (n=691), non-TAVR candidate due to 
patient decision (n=290), wait-list death (n=176), rere-
ferral for SAVR (n=328), and clinical follow-up (n=96). 
The remaining 473 (11%) TAVR referrals represented 
censored patients who were still on the wait list at the 
end of the study period (Figure 1). As seen in Figure I in 
the online-only Data Supplement, referrals and proce-
dural rates increased substantially throughout the study 
period, from less than 10 per quarter to a maximum of 
441 and 202 per quarter, respectively.

Baseline Characteristics
The mean age of our total cohort was 81.5 years, with 
46% females (Table 1). Patients in the TAVR subcohort 
had a significantly higher prevalence of coronary ar-
tery disease, previous coronary artery bypass surgery 
(CABG), SAVR, and percutaneous coronary intervention 
(PCI), while comorbidities such as frailty and dementia 
were significantly higher in patients who were in the 
off-list subcohort (P<0.001). In the TAVR subcohort, 
the procedures were elective in 82% with the majority 
(79%) via femoral access (Table 1).

Wait-Time Analysis
The mean and median total wait times for the com-
bined TAVR and off-list subcohorts were 111 and 79 

days, respectively (Table 2). A substantial proportion of 
patients had at least some of their diagnostic work-up 
completed prior to their initial referral. In patients who 
had diagnostic tests postreferral, the longest wait time 
was for having a CT scan (median 46 days).

In the TAVR subcohort (Table  3), the median total 
wait time from referral to procedure day was 105 days. 
The median wait time from referral to acceptance (wait 
time 1) was 54 days while the median wait time from 
acceptance to procedure (wait time 2) was 34 days. 
Wait-time analysis for the off-list and wait-list subco-
horts are described in Tables II and III in the online-only 
Data Supplement, respectively. In the off-list subcohort, 
the median total wait time from referral to off-list was 
54 days. In the wait-list subcohort, 111 (23.5%) pa-
tients had been accepted for TAVR. The median time 
from referral to acceptance (wait time 1) in this sub-
group was 70 days (Table III in the online-only Data 
Supplement).

Quarterly median wait times and estimates gener-
ated by the piecewise regression analyses for the over-
all and subcohorts are shown in Figure 2A through 2C 
and Table I in the online-only Data Supplement. There 
was a significant difference between the total wait-
time trends in the pre- and postprovincial TAVR fund-
ing periods (Figure  2A; P<0.001); this was significant 
in the TAVR subcohort (Figure  2B; P<0.001) and of 
borderline significance in the off-list subcohort (Fig-
ure 2C; P=0.065). There was a significant downward 

Figure 1. Selection of patient cohort. 
*5 patients with missing death dates. TAVI indicates transcatheter aortic valve implantation; and TAVR, transcatheter aortic valve replacement.

Elbaz-Greener, Circulation,2018
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Figure 2 Both the PARTNER 3 and the Evolut Low Risk trials showed favourable performance of TAVI versus surgical aortic valve replacement (AVR) 
in low- risk patients (TAVR: TAVI) from refs 31 and 32. TAVI, transcatheter aortic valve implantation.

Figure 3 The decision to admit for a TAVI procedure in the COVID-19 crisis is a delicate balance of risks between leaving patients relatively safe 
from COVID-19 but with untreated AS versus admitting and treating the AS but potentially exposing the vulnerable patient to COVID-19. AS, aortic 
stenosis; TAVI, transcatheter aortic valve implantation.

received European CE mark for low- risk patients in 
November 2019.

However, these two studies did include high 
levels of patient selection and the mean age of 

patients was still >70 years. There are additional 
challenges with TAVI in younger and lower risk 
patients. These include:
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Key points

 ► The COVID-19 pandemic has had an unprecedented impact of the delivery of 
cardiovascular care.

 ► The aortic stenosis (AS) pathway has had to change during this crisis, with a 
different, new risk–benefit balance to consider.

 ► Transcatheter aortic valve implantation (TAVI) is an effective treatment for 
AS and has less impact on hospital (and particularly critical care) capacity 
than surgical AVR.

 ► Systematic, fair patient selection/prioritisation is mandatory to maintain a 
TAVI service at this time.

CME credits for Education in Heart

Education in Heart articles are accredited for CME by various providers. To 
answer the accompanying multiple choice questions (MCQs) and obtain your 
credits, click on the ‘Take the Test’ link on the online version of the article. 
The MCQs are hosted on BMJ Learning. All users must complete a one- time 
registration on BMJ Learning and subsequently log in on every visit using their 
username and password to access modules and their CME record. Accreditation 
is only valid for 2 years from the date of publication. Printable CME certificates 
are available to users that achieve the minimum pass mark.

Table 2 Factors to be considered in identifying higher risk AS patients during waiting 
list triage
Clinical Investigations

NYHA class IV symptoms or rapid recent 
deterioration

Echo parameters – high peak and mean gradients.
Low aortic valve area.
Poor LV systolic function.
Severe coexistent MR.

Exertional syncope Significantly elevated NT- pro- BNP.
Previous/recent admission with decompensation 
(pulmonary oedema/arrhythmia) Excessive aortic valve calcium score on CT.
Significant burden of comorbidity (coexistent 
cardiac disease; renal) Deteriorating renal function.
AS, aortic stenosis; MR, mitral regurgitation.

on current waiting lists that are deemed urgent. 
Keeping these sites (relatively) ‘COVID-19- free’ 
would be easier to allow safer cohorting of patients 
and potentially less exposure of vulnerable patients 
to the virus. In the early phases of the outbreak, 
additional capacity can be sourced from the private 
sector to ensure that aortic valve surgery and elec-
tive TAVIs can be completed before the predicted 
surge in demand. Emergency legislation has been 
passed in the UK that has enabled the NHS to take 
over the management of such facilities and services 
to ensure a fully available, cost- effective national 
response effort to the pandemic. These measures 
allow for more hospital beds and resources to be 
available for dealing with the increasing COVID-19 
inpatient numbers while maintaining operability 
across the UK. These solutions will depend on local 
resources.

Triage of patients from the TAVI/sAVR waiting list
Most agree that patients with AS waiting for TAVI 
should be ‘risk stratified’ in some way. For general 
surgical procedures, the Royal College of Surgeons 

in the UK have advised ‘Priority levels’ from 1a/b 
(emergency/urgent) to 4 (those that can be safely 
delayed for >3 months).49 Others have merely 
divided patients into ‘high risk’ or ‘essential’ and 
‘normal/low risk’ or ‘non- essential’.50 Any stratifi-
cation should follow certain objectives that reflect 
core ethical principles. Any clinicians making these 
decisions will have to balance the likely risks and 
benefits for individual patients while also consid-
ering societal needs during this pandemic. The 
most urgent of patients could be determined 
using numerous criteria, which would need to be 
standardised. Risk scores and calculators may be 
created to identify patients who may deteriorate 
and require unplanned hospitalisation and urgent 
TAVI.51 These criteria could include clinical metrics 
(syncope, New York Heart Association (NYHA) 
class IV symptoms, comorbidities and previous 
admission with heart failure) or investigation 
endpoints (N- Terminal Brain Natriuretic Peptide 
(NT- pro- BNP), gradients across the AV, valve area 
and LV systolic function) table 2.52 53 Historical 
clinical prediction models that have considered 
prior episodes of cardiac failure and advanced 
kidney impairment may also be useful.15

The recovery and restoration plan
Perhaps the most challenging aspect of service 
delivery is the last phase, the so- called ‘recovery 
phase’, largely because there are many unknowns 
and any predicted timeline is guesswork at present. 
After the surge phase of the COVID-19 pandemic, 
planning must commence for reintroduction of 
a TAVI service, but in the absence of an effective 
treatment for COVID-19, severe restrictions will 
remain. The principles guiding any recovery plan 
are: (A) effective, consistent and fair waiting list 
triage to treat those AS patients most at risk first; (B) 
respecting the priorities of hospital capacity to deal 
with patients with COVID-19 and perhaps further 
surges in patient numbers as ‘social lockdown’ 
measures are eased; (C) minimising the chance of 
infecting patients with COVID-19 when they are 
brought to the hospital for work- up investigations/
TAVI procedures; (D) protecting healthcare staff 
from undue COVID-19 infection; and (E) being as 
cost- effective as possible,

The detail of any plan will depend on local 
resource but will involve creating ‘COVID-19- 
clean’ environments, perhaps by dividing depart-
ments or catheter labs, wards or even institutions 
with appropriate division of staff in these areas.

Quite how the COVID-19 pandemic will affect 
structural cardiac intervention in the future remains 
to be seen and will depend on economic recovery 
and healthcare prioritisation in the coming years.

CONCLUSIONS
The unprecedented disruption of the COVID-19 
pandemic has created huge challenges for patients 
with AS and for Heart Teams trying to manage 
them. The international sharing of experience and 
research data has helped to create some clarity and 
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Table 1 Factors to consider doing differently along the patient pathway for AS during 
the COVID-19 crisis
Phase of patient pathway Alterations to practice during the COVID-19 crisis

Case selection

Review TAVI waiting list and triage for highest risk.
Review sAVR waiting list.
Convert intermediate risk patients to TAVI if appropriate.
Convert low- risk patients to TAVI only with Heart Team consensus.
Consider risk to patient of nosocomial COVID-19 infection.

TAVI work- up

Avoid TOE.
Use CTCA instead of invasive coronary angiography.
Consider risk to patient of COVID-19 when attending for tests.
Do all tests in a single attendance.

Procedure

Keep it simple.
Use devices the operator/team is familiar with.
Transfemoral procedures only.
Consider appropriateness/ethics of surgical bail- out.

Post- TAVI
Early safe discharge.
No need for follow- up echo until 6 months.

CTCA, CT coronary angiogram; sAVR, surgical valve replacement ; TAVI, transcatheter aortic valve 
implantation; TOE, transoesophageal echo.

Figure 4 A step- wise plan to modify TAVI services during the COVID-19 pandemic. sAVR, surgical valve replacement; TAVI, transcatheter aortic valve 
implantation.

38% were discharged within 48 hours, there was no 
difference in terms of 30- day mortality, rehospital-
isation or disabling stroke between the early and 
standard discharge groups.41 Similar outcomes were 
noted in another study of 337 transfemoral TAVI 
patients.42 In a different group of 120 patients that 
underwent TAVI at a single centre, 55% of patients 
were discharged on either the same day as the 
procedure, the following day or within 72 hours of 
their intervention.43 These preliminary studies have 
provided supportive evidence that early discharge 
after TAVI is safe and feasible and indeed now that 
median length of stay in the UK is down to 3 days, 
it should certainly be feasible during the pandemic 
(table 1).

The ethics of TAVI in the COVID-19 pandemic
During the planning of emergency healthcare 
services during the COVID-19 pandemic, there has 
been extensive discussion about the ethics of who 
should be treated actively (eg, ventilated) and whom 
should receive only palliation. Some have ques-
tioned any investment in the treatment of elderly 
patients with AS when young people are dying of 
COVID-19. Of course, unlike COVID-19, there is 

a well- evidenced and deliverable treatment for AS, 
and moreover, early definitive treatment of AS will 
reduce length of stay and free up hospital capacity.

A step-wise plan in responding to COVID-19
Creating capacity during the COVID-19 surge phase
The capacity of health systems to respond to 
COVID-19, especially in countries experiencing 
large case numbers, has been a great concern. Data 
from China, Italy and Spain suggest that a size-
able proportion of those infected with the novel 
coronavirus will be admitted to hospital, with as 
many as 10% of cases requiring intensive care unit 
admission.44–46 For those admitted to intensive care 
requiring ventilation, the majority will require respi-
ratory support for up to 2 weeks,45 46 and a poor 
prognosis is being reported in this patient group.47 
These experiences with COVID-19 highlight the 
fact that creation of surge capacity, which is the 
ability of a health system to cope with a sudden and 
unexpected influx of patients in an emergency or 
disaster situation, will be required.

Surge capacity can be created from a reallocation 
of resources, both intrinsic and extrinsic.48 As part 
of this process, guidance issued in the UK recom-
mended progressive postponement of all but the 
most urgent elective surgery (in all specialties) and 
internal repurposing of operating theatres, recovery 
rooms, intensive care beds and staff. A consensus 
document issued by the NHS and the Royal Colleges 
of Surgeons advises deferring surgical intervention 
for up to 4 weeks, unless there is deteriorating clin-
ical status.49 These time intervals may not accord 
with usual clinical practice and may result in greater 
risk of an adverse outcome. TAVI activity will be 
restricted to an absolute minimum during this crisis 
phase (inpatients who cannot be discharged safely) 
(figure 4).

After surge capacity is created and there is confi-
dence that hospital capacity for COVID-19 is resil-
ient, new pathways need to be designed to manage 
patients already in hospital or some way along the 
pathway (eg, waiting for multidisciplinary meeting 
(MDM) discussion). One option in dealing with this 
situation if possible is to create temporary ‘elective- 
only’ sites, with aortic valve intervention being 
performed at specialised hubs for those patients 
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Me B
• 80 ans 

• DID, HTA, CT 

• FA paroxystique 
• PM double chambre 

• IRC clairance de la creatinémie à 30ml/mn 
• Neo sein gauche, chirurgie et RT 

• Hospitalisation en 02/2021 pour IC révélant un RA très serré (SA < 0,5 cm2/m2) à fonction VG altéré 

• Bilan TAVI réalisé en une semaine 

• TAVI programmé en 03/2021 

• Annulé à 2 reprises par le centre hôte car Réa pleine. 

• Réhospitalisée en 04/2021 pour décompensation cardiaque 

• TAVI en 05/2021. Délai bilan-procédure>100j 



M B 
• 88 ans 

• tabac, HTA 

• BPCO 

• Bioprothese Aortique Medtronic 25 et PAC X 3 

• IA sévère sur sur bioprothese aortique et IRA oligoanurique 
• ETT : FEVG 25%, dilaté, Gdt moyen 10 mmHg, IA massive, Dysfonction VD 

• TAVI programmé en 04/2021 

• Hospitalisation 2 semaines dans le service en attendant le TAVI 

• IRA oligoanurique 

• Arrêt cardiaque récupéré dans le service 

• TAVI CV Evolut 26 en urgence le lendemain



Faut il démocratiser le TAVI ?

TAVI dans un 
centre avec CEC

TAVI dans un 
centre sans CEC

Conversion 
chirurgicale possible

Conversion 
chirurgicale délicate

liste d’attente
Utilisation de toutes les 
ressources disponibles
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of the 114 patients surviving the in-hospital period was
40.4 ± 4.9% (Figure 3A). In-hospital mortality rates were highest in
case of ECS for annular rupture (62.2%) followed by coronary
obstruction (54.5%), aortic dissection (52.0%), and LV guidewire
perforation (50.8%) (Figure 3B).

Seventeen TAVI patients undergoing ECS had previous cardiac
surgery. These patients were younger (79.2 ± 6.3 vs. 82.3 ± 5.9 years,
P = 0.019) and had higher predicted mortality risk (logistic
EuroSCORE 26.7 ± 15.9% vs. 16.2 ± 8.8%, P < 0.001) as compared
to those patients without previous cardiac surgery. However,
in-hospital mortality was similar between the two groups (41.2% in

patients with previous cardiac surgery vs. 46.1% in those without,
P = 0.802).

Univariate logistic regression analysis showed that age > 85 years,
use of balloon-expandable THV, annular rupture, and acute ECS
were significantly associated with in-hospital mortality in case of ECS.
None of the seven patients with complications manifesting beyond
24 h died after ECS. Multivariable regression analysis revealed
age > 85 years, annular rupture, and immediate ECS to be independ-
ent predictors of in-hospital mortality in case of ECS (Table 2). The
majority of TF-TAVI patients (n = 22/26, 84.6%) needing ECS without
any of these three factors were discharged alive (see Supplementary

Figure 3 Mortality outcomes in case of emergent cardiac surgery for transfemoral transcatheter aortic valve implantation.
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procedure-related complications.9 All cardiac surgical procedures per-
formed beyond the first 48 h after TAVI were excluded. Semi-elective
ECS was defined as any surgery that was not performed immediately dur-
ing the TAVI procedure but with some time delay. Immediate procedural
mortality was defined according to VARC-2 as death <72 h after TAVI.
In-hospital mortality was defined as death occurring after TAVI during the
same hospital stay.

Balloon-expandable transcatheter heart valves (THV) included the
Sapien XT and Sapien S3 valve (Edwards Lifesciences, Irvine, CA, USA).
Self-expanding THV included the CoreValve and CoreValve Evolut R
(Medtronic, Dublin, Ireland), Portico (Abbott, Santa Clara, CA, USA),
ACURATE neo TF (Symetis, Ecublens, Switzerland), Direct Flow Medical
Transcatheter Aortic Valve System (Direct Flow Medical Inc., Santa Rosa,
CA, USA), JenaValve (JenaValve Technology Inc., Irvine, CA, USA), and
Centera valves (Edwards Lifesciences). The only mechanically expandable
valve used was the Lotus valve (Boston Scientific, Marlborough, MA,
USA). Low-volume centres were defined as those performing <50
TF-TAVI procedures per year, while high-volume centres performed
>_50 TF-TAVIs annually.

Statistical analysis
Continuous variables are presented as mean ± standard deviation and/or
median, as appropriate, and compared using the Student’s t-test including
the Levene’s test or the ANOVA. Categorical variables are reported as
frequencies and percentages and compared using either the Fisher’s exact
test or the v2, as appropriate. The Cochran–Armitage test was used to
test for trend analysis of the different types of complications necessitating
ECS. A logistic regression analysis was used to analyse the correlation
between different variables and in-hospital mortality in case of ECS during
TF-TAVI; variables with a P < 0.10 in the univariate analysis were included
in the multivariable model. A P-value <0.05 was considered statistically
significant. Statistical analysis was performed using SAS 9.3 and SPSS
v22.0.

Results

Seventy-nine centres performing a total of 27 760 TF-TAVI proce-
dures between 2013 and 2016 participated in the registry. During the
study period, annual TF-TAVI numbers increased from 4297 in 2013
to 9601 in 2016. Rates of ECS at different centres varied between 0%
and 6.7%; 25 centres performing 3821 TF-TAVI procedures (13.3%
of the total TAVR volume) reported no case in whom ECS was used.
Overall, 212 (0.76%) of the 27 760 patients underwent ECS secon-
dary to TAVI complications. In an additional 60 TAVI patients, ECS
was considered during the procedure but finally not performed
(worst-case calculation of ECS incidence: 0.98%). The proportion of
patients undergoing ECS decreased from 1.07% in 2013 to 0.70% in
2014; this ECS rate remained stable at 0.68% and 0.73% for 2015 and
2016, respectively (Figure 1).

Patients undergoing ECS were 82.4 ± 6.3 years of age and predom-
inantly females (67.5%). Mean logistic EuroSCORE was 17.1% and
mean STS risk score 5.8% (Table 1). Forty-nine patients (23%) were
at high surgical risk, as defined by a logistic EuroSCORE > 20%. The
distribution of different valve types used in those TF-TAVI patients
with need for ECS was similar to the distribution of valve types used
in the total TF-TAVI population (see Supplementary material online,
Figure S1).

Figure 1 Number of transfemoral transcatheter aortic valve
implantation procedures and incidence of emergent cardiac surgery
over time.

.................................................................................................

Table 1 Baseline characteristics of transfemoral
transcatheter aortic valve implantation patients with
need for emergent cardiac surgery

All patients

(n 5 212)

Patient characteristics

Age (years) 82.4 ± 6.3

Female 143 (67.5%)

Previous cardiac surgery 17/196 (8.7%)

Left ventricular ejection fraction 56 ± 11 (15–75)

Logistic EuroSCORE I (%) 17.1 ± 10.0 (3.1–71.9)

Logistic EuroSCORE I > 20% 49 (23%)

STS score (%) 5.8 ± 3.7 (1.2–26.1)

Transcatheter heart valve (THV) type

Balloon-expandable valve 97 (46.2%)

Self-expandable valve 91 (43.3%)

Mechanically expandable valve 22 (10.5%)
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addition, in most of the cases when we observe a distinct 
annual decrease, we also observe a decreasing volume 
effect over time. Presumably, the small centres succeed 
in participating at the system-level learning curve to a 
degree which allows them to catch up to some degree 
to the group of high volume. Unfortunately, our data do 
not allow addressing the question whether this is due to 
exchange of expertise or to increasing cumulative expe-
rience. The group of small centres may also benefit from 
there being only a reduced capacity for improvement 
even in large-volume centres some years after the intro-
duction of a new procedure.

Interestingly, decreases in the volume effect over time 
were not observed for the endpoints of in-hospital length 
of stay and reimbursement. Presumably, this might be 

due to the fact that high-volume centres are at a major 
advantage in streamlining clinical workflows before and 
after the procedure.

Two recent studies showed volume–outcome relation-
ships for TAVI procedures performed in US hospitals 
in 2012.15 16 In both studies, patients were divided into 
groups of equal sample size. Disregarding the accom-
panying problems regarding the external validity of 
the results,12 13 the results shown in these studies are 
similar to ours:  among others, inverse volume–outcome 
relationships were shown for the endpoints death and 
bleeding.15 16 One of the two studies also included the 
endpoints length of stay and hospitalisation costs and 
identified significant differences between the observed 
hospital volume quartiles (TAVI/year cut-offs ≤5, 6–10, 

Table 3 Unadjusted in-hospital outcomes with regard to the performed TAVI volume of a distinct centre in a given year

Mortality (%) Stroke (%) Bleeding (%)
Length of stay 
(mean in days)

Reimbursement 
(mean)

Proportion of patients 
with ventilation
>48 hours (%)

2008 
  <50 procedures 10.11 3.26 14.36 19.2 9.79

  50–99 procedures 9.32% 2.12 11.44 21.8 6.78

  ≥100 procedures 6.59 2.56 7.33 14.7 4.76

2009 

  <50 procedures 9.81 3.57 14.18 21.6 9.48

  50–99 procedures 8.36 3.34 11.25 18.5 7.14

  ≥100 procedures 6.08 2.12 7.21 18.0 7.36

2010 

  <50 procedures 9.00 2.51 12.12 21.0 €37 071 8.74

  50–99 procedures 8.11 2.56 11.41 19.1 €36 173 8.69

  ≥100 procedures 6.14 2.20 6.25 17.0 €35 074 5.01

2011 

  <50 procedures 7.68 2.35 9.39 20.0 €35 984 8.04

  50–99 procedures 8.02 2.35 9.04 19.3 €35 424 8.28

  ≥100 procedures 5.87 3.01 9.31 17.3 €35 046 7.29

2012 

  <50 procedures 6.15 2.29 8.44 18.7 €35 294 7.29

  50–99 procedures 7.07 2.42 8.41 18.9 €34 798 5.48

  ≥100 procedures 5.03 2.10 6.30 16.7 €34 233 5.39

2013 

  <50 procedures 5.49 2.09 9.28 20.2 €35 808 6.93

  50–99 procedures 5.85 2.33 6.53 18.2 €34 650 4.56

  ≥100 procedures 5.29 2.70 5.98 16.3 €34 456 5.29

2014 

  <50 procedures 5.34 2.75 5.99 19.9 €35 993 6.15

  50–99 procedures 4.58 2.20 5.73 18.3 €34 904 4.32
  ≥100 procedures 3.70 2.28 4.22 15.3 €34 771 3.92

Please note that the numbers of procedures performed per year at a given centre were not constant over the observation period, so that it is 
possible for a centre to fall into a different volume group in a different year.
TAVI, transcatheter aortic valve implantations. 5Kaier K, et al. BMJ Open 2018;8:e020204. doi:10.1136/bmjopen-2017-020204
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  ≥100 procedures 5.29 2.70 5.98 16.3 €34 456 5.29

2014 

  <50 procedures 5.34 2.75 5.99 19.9 €35 993 6.15
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