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Abstract

Background: During COVID-19 pandemic in Spain, elective procedures were can-
celed or postponed, mainly due to health care systems overwhelming.

Objective: The objective of this study was to evaluate the consequences of inter-
rupting invasive procedures in patients with chronic cardiac diseases due to the
COVID-19 outbreak in Spain.

Methods: The study population is comprised of 2,158 patients that were pending on
elective cardiac invasive procedures in 37 hospitals in Spain on the 14th of March
2020, when a state of alarm and subsequent lockdown was declared in Spain due to
the COVID-19 pandemic. These patients were followed-up until April 31th.

Results: Out of the 2,158 patients, 36 (1.7%) died. Mortality was significantly higher
in patients pending on structural procedures (4.5% vs. 0.8%, respectively; p < .001), in
those >80 year-old (5.1% vs. 0.7%, p < .001), and in presence of diabetes (2.7% vs.
0.9%, p = .001), hypertension (2.0% vs. 0.6%, p = .014), hypercholesterolemia (2.0%
vs. 0.9%, p = .026) [Correction added on December 23, 2020, after first online publi-
cation: as per Dr. Moreno's request changes in p-values were made after original pub-
lication in Abstract.], chronic renal failure (6.0% vs. 1.2%, p < .001), NYHA > 1l (3.8%
vs. 1.2%, p = .001), and CCS > Il (4.2% vs. 1.4%, p = .013), whereas was it was signifi-
cantly lower in smokers (0.5% vs. 1.9%, p = .013). Multivariable analysis identified

age > 80, diabetes, renal failure and CCS > |l as independent predictors for mortality.
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1 | INTRODUCTION

During the first months of 2020, a SARS-CoV-2 pandemic affected
the whole world,* with millions of patients developing COVID-19 dis-
ease, and more than 1 million deaths due to the infection by
November 2020.2 Health care systems were severely overwhelmed,
affecting cardiovascular patient care. Because of that, and also to
reduce the risk of virus contamination, most elective invasive proce-
dures were canceled or postponed and also some indications for non-
elective procedures were modified.

Spain has been one of the most severely affected countries in
terms of the number of patients with the infection and the number of
deaths per million inhabitants. The Spanish association of interven-
tional cardiology (ACI-SEC) recommended to maintain an invasive
management as the default strategy to treat patients with acute coro-
nary syndromes®* but to postpone elective procedures.® Accordingly,
the number of stable patients being attended in the catheterization
laboratories dramatically decreased.”

Consequently, a high number of patients scheduled to diagnostic
and/or therapeutic invasive cardiac procedures in the catheterization
laboratories were included in a waiting list, until the pandemic was
controlled or at least the hospitals recovered the capacity of treating
and admitting elective patients.

The objective of this study, that was initiated by the ACI-SEC,
was to evaluate the consequences (mainly in terms of mortality) of
interrupting invasive treatment for patients with chronic cardiac dis-
eases due to the COVID-19 outbreak in Spain, as well as to know
what patients are at higher risk of dying while waiting for the proce-
dure. The final purpose was to identify what patients should be candi-
dates for not postponing or canceling the procedure in future
outbreaks by the SARS-CoV2 or other infective agents.

2 | METHODS

2.1 | Study period and selection of patients

Due to the COVID-19 pandemic, a state of alarm was declared in
Spain on the 14th of March 2020.% As a consequence, the majority
of units of interventional cardiology canceled or postponed elective
procedures, to reserve hospital beds for COVID-19 patients, and to
prevent contamination by the SARS-CoV2 virus in cardiovascular

patients.>*

Conclusion: Mortality at 45 days during COVID-19 outbreak in patients with chronic
cardiovascular diseases included in a waiting list due to cancellation of invasive elec-
tive procedures was 1.7%. Some clinical characteristics may be of help in patient

selection for being promptly treated when similar situations happen in the future.

catheterization, diagnostic, percutaneous coronary intervention (PCl), transcatheter valve

The study population is comprised of those non hospitalized
patients that were pending on elective diagnostic and/or therapeutic
procedures on the 14th of March 2020 in Spain.

2.2 | Data collection and follow-up

Data were entered in an electronic database (plnvestiga, Moafia, Pon-
tevedra, Spain). Clinical variables, such as main cardiovascular disease
pending on treatment, type of procedure pending to be performed,
clinical situation, and cardiovascular risk factors, were collected.

All patients were followed up to the 31th of April 2020 (45 days).
The primary endpoint was death. Secondary endpoints included car-
diovascular death, the need for an urgent procedure due to clinical
unstabilization, and the incidence of COVID-19 disease.

2.3 | Definitions

Coronary angiography and/or PCl as the type of pending procedure
included coronary angiography in patients with previously diagnosed
or suspected CAD, and those with previously known CAD pending on
PCl (e.g., stage procedures). Coronary angiography to rule out CAD as
the underlying cause of left ventricular dysfunction was also included
in this category. However, coronary angiography as part of the study
of patients pending on any type of surgical intervention was included
in a different category, because the main underlying condition was
considered to be the disorder pending to be treated (e.g., valvular
heart disease) rather than the eventual bystander of coronary artery
disease. Other procedures included transcatheter aortic valve implan-
tation, percutaneous mitral valve repair, percutaneous closure of left
atrial appendage, percutaneous closure of ASD, or percutaneous

treatment of tricuspid regurgitation.

24 | Statistical analysis

Continuous variables are presented as mean + SD, and compared
using the Student t-test or appropriate nonparametric tests. Discrete
variables are presented as percentages (proportions), and compared
with the Chi-square test, using Fisher correction when needed. Statis-
tical analysis was done using the SPSS statistical package (Chicago, Illi-

nois). Associations were considered statistically significant when
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p < .05, although all p values are presented. Univariable and multivariable
analysis were conducted in order to identify independent risk factors for

mortality, and for secondary endpoints.

3 | RESULTS

3.1 | Study population
Overall, 2,158 patients were included in 37 hospitals. Clinical charac-
teristics of the study population are shown in Table 1.

The main underlying disease was CAD (50.0%), aortic stenosis
(25.1%), and mitral valve disease (7.3%). Other conditions included left
ventricular dysfunction (5.9%), ASD (2.7%), pulmonary hypertension
(2.5%), atrial fibrillation (2.4%), aortic regurgitation (1.9%), other
congenital cardiac diseases (1.5%), tricuspid regurgitation (0.5%), and

ventricular arrhythmia (0.3%).

TABLE 1 Characteristics of the study population

Age (year-old) 69.9 +11.9
Age > 80 230
Female gender 37.7
Diabetes 327
Hypertension 67.3
Hypercholesterolemia 55.6
Smoking 29.9
Chronic renal failure 9.2
Peripheral artery disease 10.5
Previous CAD 324
Previous infarction 13.6
Previous PCI 18.3
Previous CABG 4.4
Previous surgical valve replacement 4.5
Left ventricular dysfunction 233
Main underlying disease
CAD 50.0
Valvular heart disease 34.8
Aortic stenosis 25.1
Aortic regurgitation 1.9
Mitral valve disease 7.3
Tricuspid regurgitation 0.5
Pulmonary valve disease 0.1
Left ventricular dysfunction 5.9
Congenital cardiac diseases 4.1
ASD 27
Other congenital cardiac diseases 1.4
Pulmonary hypertension 2.5
Arrhytmia 2.6
Atrial fibrillation 24
Ventricular arrhytmia 0.3

The pending technique was coronary angiography and/or PCI
(53.2%), cardiac catheterization in patients scheduled for cardiac sur-
gery (12.4%), TAVI (15.2%), other diagnostic procedures (9.3%), LAAC
(3.1%), percutaneous closure of ASD (2.4%), percutaneous mitral valve

repair (1.2%), and other therapeutic procedures (3.3%).

3.2 | Mortality and cardiovascular mortality:
Incidence and predictive factors

Out of the 2,158 patients, 36 (1.7%) died. The cause of death was
considered cardiac in 24 (67.7%) and noncardiac in 12 (33.3%). Thus,
cardiovascular and noncardiovascular mortality rate was 1.1%, and
0.6%, respectively.

In comparison with patients pending on diagnostic or therapeutic
coronary procedures, those pending on structural procedures had signif-
icantly higher all-cause (4.5% vs. 0.8%, respectively; p < .001), and car-
diovascular (2.7% vs. 0.5%, respectively; p <.001) mortality rates.
Among patients pending on structural interventions, mortality was espe-
cially high in those pending on percutaneous mitral valve repair (8.0%),
TAVI (4.9%) and LAAC (4.5%), whereas there were no deaths among
those pending on percutaneous closure of ASD, or other therapeutic
techniques. Cardiovascular mortality was particularly high among
patients pending on TAVI (3.1%), and LAAC (1.5%), whereas no cardio-
vascular mortality occurred among patients pending on other structural
procedures, including percutaneous repair of mitral regurgitation.

Patients who died were significantly older (age 804 +7.1 vs.
69.7 + 11.9 in those who survived; p < .001), and had more frequency of
diabetes, hypertension, hypercholesterolemia, and renal failure (Table 2).
Conversely, the mortality rate was lower in smokers. Cardiovascular mor-
tality was significantly higher in patients >80, female gender, diabetes,
hypertension and chronic renal failure, but lower in smokers (Table 2). Both
mortality and cardiovascular mortality rates were significantly associated
with functional class, including NYHA and CCS (Figure 1a,b).

Among the 682 patients with previously known CAD, 263 (38.6%),
356 (52.2%), and 63 (9.2%) had single-vessel, multi-vessel and left main
disease, respectively. The mortality rate was 1.5%, 1.7%, and 4.8%, in
those groups, respectively (p =.075). Cardiovascular mortality was
1.0%, 0.8%, and 3.2%, respectively (p = .105).

In the multivariable analysis, age > 80, chronic renal failure, diabe-
tes, and CCS > Il were independent predictors of mortality (Figure 2a).
For cardiovascular mortality, the independent predictors in the multi-
variable analysis were chronic renal failure, age > 80, diabetes, and
female gender (Figure 2b).

3.3 | Patients undergoing an urgent procedure due
to clinical unstabilization

The procedure was performed urgently due to clinical unstabilization
in 180 patients (8.3%). This was more frequent among patients pend-
ing on diagnostic procedures and/or PCI than for structural interven-

tions (9.3% vs. 5.2%, respectively; p =.005). The procedure was
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TABLE 2 Mortality and
cardiovascular mortality rates in different
subgroups of patients

Age > 80

Female gender
Diabetes
Hypertension
Hypercholesterolemia
Smoking

Chronic renal failure
Peripheral artery disease
Previous CAD
Previous infarction
Previous PCI
Previous CABG

Previous valve replacement

Left ventricular dysfunction

NYHA > Il
CCS> 1l

Structural procedure

FIGURE 1 Mortality and (a)
cardiovascular mortality accordingly to

the NYHA (a) and CCS (b) class [Color

figure can be viewed at

wileyonlinelibrary.com]

performed in 7.1% and 3.0% of patients pending on TAVI and LAAC,
respectively, whereas no patients pending on percutaneous repair of
mitral regurgitation or percutaneous closure of ASD underwent the
procedure during the study period. Patients in whom the procedure
was performed urgently were more frequent >80, and had a higher
prevalence of diabetes, hypercholesterolemia, peripheral artery dis-
ease, previous PCl, NYHA > II, and CCS > Il (Table 3). A non-structural
intervention as pending procedure, NYHA > I, age > 80, and CCS > ||
were independently associated with the need of an urgent procedure
(Figure 3a).

Out of the 2,158 patients, 212 (9.8%) died or needed an urgent
procedure. This was more frequent among patients with age > 80, dia-

betes, hypertension, hypercholesterolemia, peripheral artery disease,

37
22
13
10 1.0
Loj -
I ] n v

Overall mortality CV mortality

Yes No P value Yes No p value
5.1 0.7 <.001 2.8 0.3 <.001
24 1.3 .057 1.6 0.4 .005
27 0.9 .001 1.9 0.4 <.001
2.0 0.6 .014 1.2 0.1 014
2.0 0.9 .026 1.2 0.4 .057
0.5 1.9 .013 0.2 11 .030
6.0 1.2 <.001 4.5 0.5 <.001
3.1 1.5 .094 0.0 1.0 251
21 13 213 0.9 0.9 .942
14 1.7 .810 0.7 0.9 1.000
1.3 1.8 490 10 0.9 765
3.2 1.6 .205 11 0.9 .573
22 14 .392 1,1 0.8 .543
1.0 1.7 .836 0.8 0.9 .900
3.8 1.2 .001 24 0.7 017
4.2 14 .013 3.0 0.8 <.001
4.5 0.8 <.001 23 0.5 .001

(b) 105 105
56 S6

[ Death

. Cardiovascular death

34
21
1.6
1.0 14
HLM H
0 l [ u Y

NYHA > Il and CCS > Il, and less frequent in smokers (Table 3). In the
multivariable analysis, CCS > I, age > 80, NYHA > |l, peripheral artery
disease, and diabetes were independent risk factors for death or the

need for urgent procedure (Figure 3b).

34 | COVID-19 disease among patients on
waiting list

Among the 2,158 patients, 37 (1.7%) had confirmed COVID-19 dis-
ease, 11 of whom (29.8%) died. The incidence of COVID-19 disease
was 12.0%, 3.9%, 3.0%, 2.1%, 1.5%, 1.1%, 1.0%, and 1.4% in patients
pending on percutaneous repair of mitral regurgitation, percutaneous
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(a) OR (95% Confidence Interval)
1’ 95% ClI P value
Age > 80 = ‘ 6.92 3.10-15.48  <0.001
Diabetes -’——- 2.68 126-570  0.011
Renal failure .—‘———- 3.50 159-7.75  0.002
ces> i -—*——- 2.64 1.07-651  0.035
5 6 .7 8 9 2 3 4 6 7 8 9 10 11 12
(b) OR (95% Confidence Interval)
R 95% Cl P value
Chronic renal failure = ‘ 6.33 2.37-16.92 <0.001
Age >80 = X 3 618  192-1648  0.002
Diabetes 2 n 460  159-1331  0.005
Female gender ..‘ — = 3.88 1.33-11.24 0.013
5 6 7 8 9 2 3 4 6 7 8 9 10 11 12

FIGURE 2 Independent predictors for mortality (a) and cardiovascular mortality (b)

Urgent procedure

Mortality or urgent procedure

Yes
Age > 80 10.7
Female gender 8.3
Diabetes 10.6
Hypertension 9.1
Hypercholesterolemia 9.8
Smoking 7.0
Chronic renal failure 8.0
Peripheral artery disease 12.8
Previous CAD 9.5
Previous infarction 7.5
Previous PCI 10.9
Previous CABG 7.4
Previous valve replacement 5.5
Left ventricular dysfunction 10.2
NYHA > II 12.6
CCS > I 15.2
Structural procedure 5.2

No
7.6
8.4
7.5
74
6.9
9.1
8.4
7.8
7.9
85
7.8
8.4
8.7
7.8
74
7.9
9.3

P value
.028
.943
.002
198
.019
114
.872
.011
215
579
.043
.748
.290
.138
.002
.001
.005

Yes
15.0
9.4
13.2
10.8
11.6
7.5
13.1
15.9
114
8.9
12.2
9.6
7.7
10.7
15.6
18.8
9.2

No
8.3
10.5
8.2
7.8
7.7
10.8
9.5
9.1
9.0
10.0
9.3
9.8
9.9
9.4
8.6
9.1
10.0

p value

<.001
417
<.001
.031
.003
.022
.107
.001
.084
.557
.085
.934
489
.354
<.001
<.001
591

TABLE 3 Characteristics associated
with the need for urgently performing
the pending procedure
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(a) OR (95% Confidence Interval)

B 95% Cl P value
Structural procedure -—‘—- 0.40 0.24-0.66 <0.001
NYHA> I -—‘—_- 1.91 1.28-2.71 0.002
Age >80 ——= 171 112-271 0012
ccs > |l —— = 183  112-299 0016

0o 1 2 3 4 5 6 7 8 9 1 2 3

(b) OR (95% Confidence Interval)

ccs> i ———= 2.09

Age > 80

NYHA> I

Peripheral artery disease

Diabetes

>
- —= 1.72

R 95% Cl P value

1.33-3.28 0.001

1.72 1.21-2.43 0.002

1.17-2.54 0.006

1.01-244 0.045

1.40 1.00-1.95 0.047

=—)—= 157
=
1 2 3

FIGURE 3 Independent predictors of the need for an urgent procedure (a) or the combination of death or urgent procedure (b)

closure of ASD, LAAC, TAVI, coronary procedures (diagnostic or ther-
apeutic), coronary angiography before surgical intervention, and other
therapeutic procedures, respectively.

In the univariable analysis, characteristics associated with a higher
risk of COVID-19 disease were age > 80, previous CAD, chronic renal
failure, peripheral artery disease, and structural intervention as pending
procedure (Table 4). In the multivariable analysis, age > 80, previous
CAD, chronic renal failure, peripheral artery disease were independent
predictors of COVID-19 disease (Figure 4).

Among patients with known CAD, the incidence of COVID-19
disease was 3.0%, 2.5%, and 3.2% in those with single-vessel, multi-

vessel, and left main disease, respectively (p = .689).

4 | DISCUSSION

41 | Consequences of COVID-19 pandemic for
patients needing elective invasive procedures

The Coronavirus Disease 2019 (COVID-19) pandemic has affected

millions of people, and up to November 2020, more than 1.3 million

TABLE 4 Characteristics associated with COVID-19 infection

Yes No p value
Age > 80 3.2 1.3 .003
Female gender 1.6 1.8 762
Diabetes 2.0 14 291
Hypertension 1.6 1.6 971
Hypercholesterolemia 1.9 1.3 .281
Smoking 1.0 1.8 .138
Chronic renal failure 4.5 14 .001
Peripheral artery disease 5.3 1.3 <.001
Previous CAD 31 0.9 <.001
Previous infarction 20 1.7 .636
Previous PCI 2.3 1.6 .339
Previous CABG 21 1.7 752
Previous valve replacement 1.1 1.6 ,685
Left ventricular dysfunction 1.0 1.8 .545
NYHA >2 2.6 15 146
CCS>2 24 1.6 423
Structural procedure 29 14 .021
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OR (95% Confidence Interval)
R 95% Cl P value
Peripheral artery disease - ’ ] 3.16 1.46 — 6.86 0.004
Renal failure 4 - 2.68 121-591  0.015
Previous CAD - F - 2.58 122 -5.46 0.013
Age >80 — ¢ 2.35 117-475 0017
8 9 1 2 3 4 S 6 7

FIGURE 4 Independent predictors of COVID-19 disease

patients have died because of the infection.? Health care organiza-
tions have been overwhelmed worldwide, with exhaustion of all
resources, hence hindering the correct management of patients with
chronic diseases. Moreover, as the SARS-CoV-2 is easily spread, the
risk of contamination in patients coming to health care centers is real.
Because of all that, thousands of scheduled surgeries, and invasive
procedures had to be canceled or postponed. As a result, a waiting list
of thousands of patients was formed (Figure 5).

There are some diseases in which delaying life-saving procedures
may cause fatal consequences. This may be the case of oncologic or
cardiovascular procedures, for which the possibility of mortality dur-
ing prolonged wait times is a matter of concern.” In particular, the
activity of interventional cardiology includes a number of procedures
that effectively treat some potentially lethal cardiac diseases, such as
CAD?® and valvular heart diseases.”

In Spain, the first case of COVID-19 was confirmed on the 31th
of January, and the first death on the 13th of February, with an
increasing number of cases reaching >1.3 millions of cases,
and > 50,000 deaths related to the disease or its complications by
November 2020. In the vast majority of hospitals, invasive procedures
were canceled of postponed for patients with chronic cardiac dis-
eases, although STEMI networks were maintained.*°

In our study, 2,158 patients were pending on elective invasive proce-
dures in the catheterization laboratories in 37 hospitals in Spain when the
state of alarm was declared.® Coronary angiography and/or PCI comprised
53.2% of the population, but there was also a high proportion of patients
(around 1/4) pending on structural interventions, including TAVI, LAAC,
percutaneous closure of ASD, percutaneous mitral valve repair and others.

Out of these patients, 36 (1.7%) had died by the 31th of April,
that is, mortality rate was 1.1%/month. There were 8.3% of patients
in whom the procedure was performed urgently due to clinical
unstabilization, and mortality during waiting list could have been
higher in case these procedures would not have been performed.

The mortality rate was significantly higher in patients pending on
structural procedures, mainly in those pending on percutaneous mitral
valve repair, TAVI or LAAC. Patients that are deemed candidates for
TAVI or percutaneous mitral valve repair have usually very advanced

valve disease, and frequently need prompt intervention. In one study,

the probability of wait-list mortality in patients scheduled for TAVI
was ~ 2% at 80 days.'* In the PARTNER 1-B study, all-cause mortality
at 1 and 3 months was 2.8% and ~20%, respectively, in patients left
on medical treatment.? In our study, mortality at 1.5 months of
patients pending on TAVI was 4.9%, that is consistent with those data
from the PARTNER trial. In patients with severe mitral regurgitation,
mortality rate at 6 months was ~ 10% in some studies.*>** In our
study, mortality at 1.5 months of patients pending on percutaneous
mitral valve repair was 8%, that is higher than expected, although all
of them died from noncardiovascular causes.

The clinical outcome of patients with stable CAD is more benign.
Some studies have exhibited a very good clinical outcome of patients
on a wait list both for surgical or percutaneous myocardial revasculari-
zation.>1¢ In the ISCHEMIA trial, mortality rate at 6 months in
patients allocated to conservative treatment was 0.4%, reflecting the
favorable clinical outcome of stable CAD on optimal medical treat-
ment.}” The mortality rate in patients pending on diagnostic coronary
angiography and/or PCl in our study was 1%. In the ISCHEMIA, some
high risk subgroups, such as patients with severe renal failure, recent
acute coronary syndrome, unprotected left main stenosis of at least
50%, NYHA class Il or IV, and unacceptable angina despite the use of
medical therapy at maximum acceptable doses, were excluded,” but
these patients were included in our series.

The type of pending procedure (e.g., structural procedure or TAVI)
was not an independent predictor of mortality and cardiovascular mor-
tality. Patients pending on structural procedures are usually elderly, and
have some co-morbidities, that may have a more clear impact on mor-
tality. Diabetes, age and chronic renal failure, were independent predic-
tors of global and cardiovascular mortality. These three characteristics
are very well known factors associated with worse clinical outcome in

different cardiovascular diseases.*®2*

4.2 | COVID-19 disease in patients on waiting list

1.7% of patients included in the waiting list had a confirmed
COVID-19 disease, and mortality in these patients was 29.8%. Both
COVID-19 confirmed infection and mortality rates in patients with

5UBD1T SUOWWOD dAaID 3|qedi|dde ay) Aq pousonof ale saie YO ‘@sn Jo sajn. Joj Ariqi]auljuQ A3]1M UO (SUOIIIPUOD-PpUe-SWIBI WY A3 1M Aleld 1 pUI|UO//SANY) SUORIPUOD PUe WS 18U} 39S *[9202/T0/S0] U0 ARiqi auljuQ 43| ‘(Pepiues ap oLBISIUTA) UOKIAOI] [eUORN aUeIUo0D Usiueds AQ £6v62°PI9/200T OT/I0P/0D A8 IM Afeiq 1 Ul |UO//SdNY WO papeojumoq ‘S ‘TZ0Z ‘X92.22ST



MORENO ET AL

WILEY_L **

FIGURE 5 Summary
including the pending procedure, —
the proportion of patients (1.2%)

Percutaneous ot
closure of ASD Other P
(2.4%) diagnostic
procedures
(9.3%)

suffering death, cardiovascular
death and COVID-19 infection,

and those needing an urgent (LJAIA:)
procedure due to clinical
unstabilization, as well as |
characteristics associated with "
these events in the univariable |
and multivariable analysis [Color \

Pending on treatment on March 14th, 2020
(n=2,158)

Clinical outcome at April 31th, 2020

Coronary anglography
and/or PCI
(53%)

figure can be viewed at 36 24 180 37
wileyonlinelibrary.com] (1 .7%) (1 A %) (8.3%) (1 .7%)
by b 3
Death CV death procedure disease
Aoe> 80 @ | @ @ | @
Female gender @
Diabetes [I] @ .
Hypertension o o
Hypercholesterolemia . .
Smoking @ [ )
Chronic renal failure E] m

Previous CAD
Previous PCI
NYHA > ||
CCs=> 1l

Peripheral artery disease

Structural procedure

oo

oo
eleleje o

COVID-19 in our study were higher than those occurring in the general
population in Spain in April 2020 (~0.5%, and ~10%, respectively). Pre-
vious cardiovascular disease itself, advanced age, and comorbidities pre-
sent in patients pending on invasive cardiac procedures constitute very
well-known risk factors for COVID-19 disease.???® In our study,
advanced age, CAD, peripheral artery disease, and chronic renal failure

were independently associated with the risk of infection.

4.3 | Clinical implications: Patient selection

During the acute phase of COVID-19 pandemic, elective invasive car-
diac procedures were canceled or postponed.* To mitigate the impact
of prolonged waits in interventional cardiovascular procedures, clear

criteria for prioritizing patients may be crucial.?*?> Among these patients

. Risk factor

‘ Protective factor

C] Independent predictor

there are very heterogeneous groups of patients, with very different risk
during the waiting list. Accordingly to our results, there are some
patients in whom it would have been more reasonable to perform the
procedure, such as those >80, with diabetes or chronic renal failure.
These patients had a relatively high mortality and cardiovascular mortal-
ity. In patients with more severe symptoms (NYHA > Il and CCS > l),
procedures were performed during the study period despite the
COVID-19 pandemic. We can speculate that these patients could have
also suffered a high mortality in case the procedure was not performed.

44 | Study limitations

This study has several limitations. First, the type of patients included

is very heterogeneous, having made somewhat difficult to identify
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concrete procedures as predictors of death in the multivariable anal-
ysis. However, some patients (e.g., those pending on TAVI) are easy
to identify for patient selection during pandemic, because they had a
significantly higher overall and cardiovascular mortality in the
univariable analysis. Second, some patients underwent an urgent
procedure due to clinical unstabilization. This may have under-
estimated a worse clinical outcome of some types of patients in case
the procedure would not have been performed. Because of that, one
of the secondary end-points was the combination of death or need
for urgent procedure. Third, participating hospitals were heteroge-
neous, with different local protocols, and located in regions with dif-
ferent incidence of COVID-19. Four, this study did not have an
independent clinical events committee, and hence events were adju-
dicated by local investigators. Finally, the diagnostic test of COVID-
19 disease was not performed routinely in all patients included in
the waiting list. Therefore, the incidence of COVID-19 infection has
been probably underestimated.

5 | CONCLUSION

During COVID-19 pandemic, elective procedures were canceled or
postponed in most units of interventional cardiology in Spain. This
had important consequences in terms of short-term mortality. We
found clear risk factors for mortality in this population, that can be of
help for patient selection for second waves of this pandemic or future

similar situations we may suffer in the future.
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