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ABSTRACT
Background: The novel SARS-CoV-2 (COVID-19) pandemic has dra-
matically altered the delivery of healthcare services, resulting in signif-
icant referral pattern changes, delayed presentations, and procedural
delays. Our objective was to determine the effect of the COVID-19 pan-
demic on all-cause mortality in patients awaiting commonly per-
formed cardiac procedures.
Methods: Clinical and administrative data sets were linked to iden-
tify all adults referred for: (1) percutaneous coronary intervention; (2)
coronary artery bypass grafting; (3) valve surgery; and (4) transcath-
eter aortic valve implantation, from January 2014 to September 2020
in Ontario, Canada. Piece-wise regression models were used to deter-
mine the effect of the COVID-19 pandemic on referrals and procedural
volume. Multivariable Cox proportional hazards models were used to
determine the effect of the pandemic on waitlist mortality for the 4
procedures.

R�ESUM�E
Contexte : La nouvelle pand�emie de SRAS-CoV-2 (COVID-19) a radi-
calement modifi�e la prestation des services de soins de sant�e, entrâın-
ant des changements importants dans l'orientation du parcours de
soin des patients, des pr�esentations retard�ees et des retards dans les
proc�edures. Notre objectif �etait de d�eterminer l'effet de la pand�emie
de la COVID-19 sur la mortalit�e, toutes causes confondues, chez les
patients en attente de proc�edures cardiaques courantes.
M�ethodes : Des collections de donn�ees cliniques et administratives
ont �et�e r�eunies pour identifier tous les adultes ayant �et�e orient�es vers:
(1) une intervention coronarienne percutan�ee; (2) un pontage corona-
rien; (3) une chirurgie valvulaire; et (4) une implantation valvulaire aor-
tique par cath�eter, de janvier 2014 �a septembre 2020 en Ontario,
Canada. Des mod�eles de r�egression par segments ont �et�e utilis�es
pour d�eterminer l'effet de la pand�emie de COVID-19 sur les renvois et
le volume de proc�edures. Des mod�eles �a risques proportionnels
The novel SARS-CoV-2 (COVID-19) pandemic has dra-
matically affected and altered the delivery of health care
services.1 In several jurisdictions, a consequence of the
health policy countermeasures for the first wave of the
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pandemic was a significant change in referral patterns,
delayed presentation of diseases, and delays in the provision
of procedures and surgical interventions.1 Although these
volume reductions in procedures have been well docu-
mented from several regions globally, their effect on mor-
bidity and mortality is not well known. Issues in wait list
management, while not new for publicly funded health
care systems, have become a more complex and pressing
problem globally during the pandemic. Because of the asso-
ciation of longer wait times with increased mortality in
patients with life-threatening cardiovascular disease, a
rights reserved.
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Results: We included 584,341 patients who were first-time referrals
for 1 of the 4 procedures, of whom 37,718 (6.4%) were referred dur-
ing the pandemic. The pandemic period was associated with a signifi-
cant decline in the number of referrals and procedures completed
compared with the prepandemic period. Referral during the pandemic
period was a significant predictor for increased all-cause mortality for
the percutaneous coronary intervention (hazard ratio, 1.83; 95% confi-
dence interval, 1.47-2.27) and coronary artery bypass grafting (hazard
ratio, 1.96; 95% confidence interval, 1.28-3.01), but not for surgical
valve or transcatheter aortic valve implantation referrals. Procedural
wait times were shorter during the pandemic period compared with
the prepandemic period.
Conclusions: There was a significant decrease in referrals and pro-
cedures completed for cardiac procedures during the pandemic
period. Referral during the pandemic was associated with increased
all-cause mortality while awaiting coronary revascularization.

multivariables de Cox ont �et�e utilis�es pour d�eterminer l'effet de la pan-
d�emie sur la mortalit�e des patients en liste d'attente pour les quatre
proc�edures.
R�esultats : Nous avons inclus 584 341 patients qui �etaient orient�es
pour la premi�ere fois pour l'une des quatre proc�edures, dont 37 718
(6,4 %) ont �et�e orient�es pendant la pand�emie. La p�eriode de pand�emie
a �et�e associ�ee �a une baisse significative du nombre d'orientations et de
proc�edures r�ealis�ees par rapport �a la p�eriode pr�epand�emique. Le niveau
d'orientation pendant la p�eriode pand�emique �etait un facteur pr�edictif
significatif de l'augmentation de la mortalit�e toutes causes confondues
pour l'intervention coronarienne percutan�ee (rapport de risque, 1,83;
intervalle de confiance �a 95 %, 1,47-2,27) et le pontage aorto-coronarien
(rapport de risque, 1,96; intervalle de confiance �a 95 %, 1,28-3,01),
mais pas pour les orientations pour une valve chirurgicale ou une
implantation valvulaire aortique par cath�eter. Les temps d'attente pour
les interventions chirurgicales �etaient plus courts pendant la p�eriode
pand�emique que pendant la p�eriode pr�epand�emique.
Conclusions : Il y a eu une diminution significative des orientations
et des proc�edures r�ealis�ees pour les interventions cardiaques pendant
la p�eriode pand�emique. Le niveau d'orientation pendant la pand�emie
a �et�e associ�ee �a une augmentation de la mortalit�e toutes causes con-
fondues en attendant une revascularisation coronarienne.
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reduction in clinical activity might therefore lead to
increased morbidity and mortality while awaiting proce-
dures.2 However, this association has yet to be confirmed
across the spectrum of cardiovascular conditions.

Accordingly, we addressed this knowledge gap by examin-
ing the effect of the COVID-19 pandemic on clinical out-
comes in patients awaiting common cardiovascular
procedures or surgeries. Our specific objectives were twofold:
first we explored the effect of the pandemic on the number of
patients referred and the actual number of procedures com-
pleted. Second, we explored the effect of the pandemic period
on all-cause mortality and all-cause hospitalization for those
awaiting these cardiac procedures.
Methods
The use of data in this retrospective cohort study was

authorized under section 45 of Ontario’s Personal Health
Information Protection Act, which does not require review by
a research ethics board. The need for individual patient con-
sent was waived. We adhered to the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) statement for reporting of observational studies.

Context

Ontario is the largest province in Canada with a popula-
tion of 14.2 million. All residents have universal access to
health care through a publicly funded health care program
administered by a single third-party payer, the Ontario Minis-
try of Health and Long-Term Care (MOHLTC).

Data sources

Our study used data constructed through linkages of multi-
ple population and clinical databases housed at ICES (previ-
ously known as the Institute of Clinical Evaluative Sciences) in
Toronto, Ontario, Canada. ICES is Canada’s largest health
services research institute and holds multiple population-based
health databases of the Ontario population. ICES is a pre-
scribed entity under Ontario’s Personal Health Information
Protection Act, which allows for researchers to link together
encoded population-based administrative databases and clinical
registries for conducting approved research studies under strict
privacy and security policies, procedures, and practices (see link
to Data and Privacy at www.ices.on.ca). We made use of the
CorHealth Registry, which is a mandatory repository of data
from patients who are referred or undergo cardiac procedures
in Ontario; it contains data on demographic, comorbidity, and
procedural variables including referral dates. Data elements
have been validated through selected chart abstractions and
core laboratory analyses.3,4 This data set was linked using
unique encoded identifiers to the following administrative data
sets held at ICES. The Canadian Institute of Health Informa-
tion (CIHI) Discharge Abstract Database (DAD) was used to
supplement baseline comorbidity and procedural data. Sociode-
mographic information, including postal code, was obtained
from the Ontario Registered Persons Database, which was
linked to Statistics Canada’s census data to obtain median
neighbourhood income of individuals to serve as a proxy for
socioeconomic status.
Study population

Our study population was identified in the CorHealth
Registry as patients older than the age of 18 years, who were
referred for the following commonly performed cardiac proce-
dures: percutaneous coronary intervention (PCI), isolated cor-
onary artery bypass grafting (CABG), valve surgery (aortic,
mitral, or tricuspid), or transcatheter aortic valve implantation
(TAVI) from January 1, 2014 to September 30, 2020. This
time period was chosen because it reflected a contemporary
cohort yet provided sufficient number of time points to adjust
for secular and seasonality trends in our regression model
described later in the Statistical Analysis section. These patients
were followed until one of the following occurred: procedure
completed, death while awaiting procedure, or offlisting/

http://www.ices.on.ca
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removal from waitlist for another reason. Each episode of care
represented the length of time a patient remained on the wait-
list and was defined as the referral date to the removal date
(procedure date, death, or offlisting).

Main exposure

The primary exposure was the COVID-19 pandemic start.
Although the World Health Organization declared the
COVID-19 pandemic on March 11, 2020, we considered the
start of the pandemic as of March 15, 2020, when the Ontario
MOHLTC directive took effect that cancelled elective surgical
procedures including cardiac procedures and surgeries.5

Outcome definitions

The primary outcome for the referral cohort was death
while awaiting procedure, ascertained through either the Reg-
istered Persons Database or the CIHI DAD. The secondary
outcome for the referral cohort was all-cause hospitalization
while awaiting procedure, ascertained from the CIHI DAD.
This was only evaluated in patients who were referred and ini-
tially put on the wait list as outpatients. As such, those who
were initially referred, put on the wait list, and had the proce-
dure of interest, all during the same hospital admission, were
not at risk for this outcome.

Statistical analysis

Baseline characteristics were compared between those who
were referred before the pandemic (January 1, 2014 to March
14, 2020) and during the pandemic (March 15, 2020 to Sep-
tember 30, 2020). The Student t test was used for normally
distributed continuous variables whereas the Wilcoxon rank
sum test was used for non-normally distributed continuous
variables. The x2 test was used for categorical variables. Stan-
dardized mean differences were calculated.

To first better understand the potential effect of the
COVID-19 pandemic on referral trends, piece-wise regres-
sion models were developed to estimate the difference in
volumes over time during the pandemic compared with a
counterfactual scenario of no pandemic. Using linear regres-
sion models, referral volume for different procedures were
regressed by time, seasonality (weekly), an indicator for the
pandemic start, and time since pandemic start. In the coun-
terfactual model, the same models were constructed but the
indicator for the pandemic start and time since pandemic
start were set to 0.

For the outcome analysis, cumulative incidence function
curves were derived to describe the probability of the primary
outcome (all-cause mortality) or the secondary outcome (all-
cause hospitalization) in the presence of competing risk events
(receiving the procedure or being off-listed). Patients were fol-
lowed from the date of referral to time of death or procedure
or censoring at the end of the follow-up period. Cause-specific
hazard competing risk models were constructed to account for
the competing risks previously described, while adjusting for
all patient-level baseline characteristics and the exposure of
waiting during the pandemic period. Because of our objec-
tives, we chose a cause-specific hazards model because it is
well suited for etiological purposes to understand the effect of
covariates on an outcome of interest while accounting for
competing risks. We also included an interaction term for
pandemic period and presentation type (stable coronary artery
disease, acute coronary syndrome [ACS], or emergent) as well
as pandemic period and sex.
Scenario analysis

To provide context on the effect of referrals, we con-
structed a second cohort of patients who underwent one of
the procedures of interest from January 1, 2014 to September
30, 2020 and repeated the time series analyses previously
described.

Categorical missing values that were < 5% were imputed
to median or mode. Categorical variables with missing values
≥ 5% were placed in a “missing” category. As per privacy
rules, any variable with < 5 cases were suppressed to prevent
patient identity. All data analyses were performed using SAS
version 9.4 (SAS Institute Inc, Cary, NC) and RStudio
(2016, RStudio: Integrated Development for R. RStudio, Inc,
Boston, MA). Statistical significance was considered to be 2-
sided P values of < 0.05.
Results

Cohort derivation and baseline characteristics

Cohort derivation is shown in Supplemental Figure S1 and
included 584,341 patients referred for the first time for 1 of the
4 procedures, of whom 37,718 (6.4%) were referred during the
pandemic. In the PCI and CABG cohorts, although age, sex,
and distribution of cardiac comorbidities were similar (as
denoted by a standardized mean difference < 0.10), patients
referred for procedures during the pandemic period were more
likely to be urgent patients presenting with ACS
(Supplemental Table S1). In those who underwent PCI, more
patients underwent same-sitting PCI (ie, date of PCI was the
same as referral date) during the pandemic period compared
with the prepandemic period (30.7% vs 27.4%; P < 0.001).
For surgical valve and TAVI patients, those referred in the pan-
demic period were slightly younger than those who were
referred in the prepandemic period whereas other comorbidities
were similar in both time periods (Supplemental Table S2).
Time series analysis

Piecewise regression showed a significant decline in the
number of referrals at the pandemic onset for all procedures
of interest (Supplemental Figs. S2-S5). The greatest change
was for PCI (�970 weekly referrals; 95% confidence interval
[CI], �1068 to �871), followed by CABG (�109 weekly
referrals; 95% CI, �127 to �90), surgical valves (�35 weekly
referrals; 95% CI, �45 to �25), and TAVI (�35 weekly
referrals, 95% CI, �43 to �26) after accounting for secular
trends and weekly seasonality. The numbers steadily increased
with time after the pandemic start for all procedures (P <
0.001; Supplemental Table S3) except for surgical valves. The
counterfactual scenario suggested that there would have been
a year-on-year increase in the number of referrals for all proce-
dures of interest with the exception of CABG surgery
(Supplemental Table S4).



Figure 1. (A) Cumulative incidence of death while awaiting percutaneous coronary intervention before the pandemic (red) and after the pandemic
start (blue) accounting for competing risk of receiving the procedure and being off-listed. (B) Cumulative incidence of hospital admission while
awaiting percutaneous coronary intervention before the pandemic (red) and after the pandemic start (blue) accounting for competing risk of receiv-
ing the procedure, death, and being off-listed.
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Using the procedure-completed cohort
(Supplemental Fig. S1), we examined if similar effects were
seen in procedural volume. A significant reduction was seen
for all procedures completed (Supplemental Figs. S6-S9). In
general, the recovery in procedures completed was greater in
magnitude compared with referrals (Supplemental Table S4).
PCI and CABG waitlist morbidity and mortality: referred
cohort
Unadjusted. In the PCI group, the cumulative incidence of
waitlist mortality was significantly higher during the pandemic
period compared with the prepandemic period (Fig. 1A;
0.29% vs 0.17%; P < 0.001). The cumulative incidence of
waitlist mortality in the CABG cohort was numerically higher
in the pandemic period compared with the prepandemic
period (Fig. 2A; 0.64% vs 0.59%; P = 0.054). When
restricted to patients referred while outpatients, rates of all-
cause hospitalization while waiting was higher during the pan-
demic compared with the prepandemic period for PCI
Figure 2. (A) Cumulative incidence of death while awaiting coronary artery b
(blue) accounting for competing risk of receiving the procedure and being of
coronary artery bypass grafting before the pandemic (red) and after the pand
dure, death, and being off-listed.
patients (Fig. 1B; 1.4% vs 1.3%; P < 0.05). There was no dif-
ference in unadjusted all-cause hospitalization during the pan-
demic compared with the prepandemic period for CABG for
patients who were referred as outpatients (Fig. 2B; 6.5% vs
7.8%; P = 0.26).

The median wait times to procedure and mortality while
waiting procedure for CABG and PCI during and before the
pandemic are provided in Supplemental Table S5. Wait times
to receiving CABG and PCI were shorter during the pan-
demic. The incidence of all events (including off-listing) for
PCI and CABG are provided in Supplemental Table S6.
Adjusted. In the adjusted analysis, referral during the pan-
demic period was a significant predictor for increased all-cause
mortality for the PCI (hazard ratio [HR], 1.83; 95% CI,
1.47-2.27) and CABG (HR, 1.96; 95% CI, 1.28-3.01)
groups (Table 1). In patients referred for PCI, there was no
significant interaction between ACS (P = 0.721) or emergent
(P = 0.947) referral status and pandemic status. Similarly,
among those who were referred for CABG, there was no
ypass grafting before the pandemic (red) and after the pandemic start
f-listed. (B) Cumulative incidence of hospital admission while awaiting
emic start (blue) accounting for competing risk of receiving the proce-



Table 1. Summary of cause-specific HR point estimates and 95% CIs
for mortality and unplanned hospital admission competing risk
models and pandemic status

Procedure
Mortality HR estimate

(95% CI)

Unplanned hospital
admission HR estimate

(95% CI)

PCI 1.83 (1.47-2.27) 1.06 (0.96-1.17)
CABG 1.96 (1.28-3.01) 0.90 (0.79-1.02)
Valve surgery 1.56 (0.85-2.89) 0.86 (0.64-1.16)
TAVI 1.43 (0.99-2.04) 0.65 (0.53-0.81)

CABG, coronary artery bypass grafting; CI, confidence interval; HR, haz-
ard ratio; PCI, percutaneous coronary intervention; TAVI, transcatheter aor-
tic valve implantation.
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significant interaction between ACS (P = 0.265) and emergent
(P = 0.234) status and pandemic status. Similarly there was no
interaction between sex and pandemic status for PCI patients
(P = 0.839) and CABG patients (P = 0.170). When restricted
to outpatients, referral during the pandemic period was not a
significant predictor for all-cause hospitalization while on the
wait list for CABG patients (HR, 0.90; 95% CI, 0.79-1.02)
or PCI patients (HR, 1.06; 95% CI, 0.96-1.17). Full cause-
specific models for mortality and all-cause hospitalization
while awaiting PCI and CABG are shown in
Supplemental Tables S7 and S8, respectively.

Surgical valve and TAVI waitlist morbidity and mortality:
referred cohort

Unadjusted. In the surgical valve group, there was no differ-
ence in the cumulative incidence of waitlist mortality during
the pandemic and prepandemic periods (Fig. 3A; 0.87% vs
1.2%; P = 0.766). Similarly, in TAVI patients, there was no
difference in the cumulative incidence of waitlist mortality
during the pandemic and prepandemic periods (Fig. 4A;
2.5% vs 4.9%; P = 0.880). Before adjustment, the incidence
of all-cause hospitalization while awaiting valve surgery was
lower during the pandemic (Fig. 3B; 3.8% vs 7.4%; P <
0.05). Similar findings were seen for TAVI patients before
adjustment for baseline characteristics (Fig. 4B; 7.0% vs
20.6%; P < 0.001).
Figure 3. (A) Cumulative incidence of death while awaiting valve surgery bef
for competing risk of receiving the procedure and being off-listed. (B) Cum
before the pandemic (red) and after the pandemic start (blue) accounting for
The median wait times to procedure and mortality while
waiting for procedures for surgical valves and TAVI during
and before the pandemic are provided in Supplemental Table
S5. Wait times to receiving valve surgery and TAVI were
shorter during the pandemic. The incidence of all events
(including off-listing) for surgical valves and TAVI are pro-
vided in Supplemental Table S6.

Adjusted. In adjusted analysis, referral during the pandemic
period was not a statistically significant predictor for all-cause
waitlist mortality for the surgical valve and TAVI groups
(Table 1). Overall, there was no association in pandemic sta-
tus and risk for all-cause hospitalization in outpatients while
awaiting the procedure for surgical valve patients (HR, 0.86;
95% CI, 0.64-1.16) whereas pandemic status was associated
with a lower risk of all-cause hospitalization for TAVI patients
(HR, 0.65; 95% CI, 0.53-0.81) while on the wait list. There
was no interaction between pandemic status and sex for
patients referred for valve surgery (P = 0.165) and TAVI
(P = 0.293). The complete cause-specific models for mortality
and hospital admission while awaiting surgical valve and
TAVI procedures are shown in Supplemental Tables S9 and
S10, respectively.
Discussion
This study has several important findings. As expected, we

noted a decline in the number of patients referred for com-
monly performed cardiovascular procedures in Ontario at the
onset of the pandemic, although these numbers steadily
increased throughout the pandemic period. Similarly, we also
saw an initial decline in the number of procedures performed
at the start of the pandemic after the issue of a government
memorandum to halt elective cardiac procedures in the prov-
ince. Our analysis of wait times and waitlist-related mortality
suggested that the pandemic period was associated with
increased waitlist mortality for those who were referred for
coronary revascularization procedures despite surprisingly, a
shorter time to procedure during the pandemic period. Taken
together, these findings have important clinical implications.
The increase in waitlist mortality for patients who required
ore the pandemic (red) and after the pandemic start (blue) accounting
ulative incidence of hospital admission while awaiting valve surgery
competing risk of receiving the procedure, death, and being off-listed.



Figure 4. (A) Cumulative incidence of death while awaiting transcatheter aortic valve implantation before the pandemic (red) and after the pandemic
start (blue) accounting for competing risk of receiving the procedure and being off-listed. (B) Cumulative incidence of hospital admission while
awaiting transcatheter aortic valve implantation surgery before the pandemic (red) and after the pandemic start (blue) accounting for competing
risk of receiving the procedure, death, and being off-listed.
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revascularization is novel—although overall wait times have
not increased, this suggests that those referred might poten-
tially have higher-acuity presentations, or at a later point in
their disease progression, compared with patients before the
pandemic. In our analysis on the interaction between urgency
of referral and pandemic status, this increase in waitlist mor-
tality for revascularization procedure was consistent among
those with stable coronary artery disease, ACS, and emergency
referral status. Coupled with the observation that referral lev-
els remain below that historically expected, this raises concerns
of a care deficit, due to upstream delays in patients being diag-
nosed and actually getting on the wait list. This suggests that
the increased mortality we observed might be dramatically
underestimated.

There might be a myriad of factors that explain the decline
in referrals during the immediate pandemic period. Disrup-
tion of the referral pathways, such as reduced outpatient non-
invasive testing for coronary artery disease during the
pandemic might have led to a decreased detection of advanced
coronary artery disease that would require further invasive
imaging, might be partly responsible.6 It is also well docu-
mented in the literature that a decrease in ACS hospitaliza-
tions occurred, partly related to patients’ reluctance to present
to the hospital for fear of contracting COVID-19.7,8 This led
to public awareness campaigns in multiple jurisdictions to
encourage patients with chest pain to attend the emergency
department for further evaluation. Globally, the effect of
COVID-19 on non-COVID-related morbidity and mortality
is likely underestimated because most studies do not account
for the “vanishing patient”—those that have not been referred
into the health care system. Indeed, an analysis of vital statistic
data from the US National Center for Health Statistics sug-
gests that between March and July 2020, there was an increase
in deaths by 20%, of which only two-thirds could be
accounted for by COVID-19 and data suggesting a large
increase in heart disease-related deaths.9 This care deficit war-
rants further research.

Additional causes for higher morbidity and mortality rates
might be related to logistical challenges in obtaining timely
care. Although subtle, in one British study increased door to
balloon time was reported for patients with ST-elevation
myocardial infarction in the COVID-19 era compared with
the pre-COVID-19 era.10 There might be several factors for
these delays, from decreased availability of emergency medical
services, stretched thin from attending to COVID-19 cases,
to more time required to properly take precautions before
treating patients with chest pain, to fewer available beds in
PCI centres that might be overwhelmed with critically ill
COVID-19 patients.11 Similar findings have been observed
in the stroke literature in a cohort study of 21 stroke centres
in Northern California.12 In California, the decrease in vol-
ume of weekly stroke alerts coincided with early shelter-in-
place orders during the pandemic. Those who did present
with stroke presented with more severe strokes and more
large vessel occlusions, despite having an overall lower comor-
bidity score, implying delays in diagnosis and patient avoid-
ance of the health care system.12,13 Although overall wait
times were not longer in the pandemic, our registries do not
capture the onset of symptomatology; thus, it is possible that
patients waited longer before being initially evaluated and
referred for interventions. As such, patients are arriving on
the wait list at a more advanced stage of their disease, and
thus the increased mortality despite a shorter time on the
wait list.

Overall, there are important health policy implications that
must be addressed because of the possibility of subsequent
waves during the COVID-19 pandemic. First, any reduction
in cardiac procedural capacity to accommodate critically ill
COVID-19 patients must be balanced against the real risk for
waitlist mortality, which we observed for coronary revasculari-
zation procedures. We found that in the pandemic period,
although overall wait times did not increase, there was
increased mortality on the waitlist. Thus, any reduction in
capacity might further negatively affect mortality because it
reduces the ability of the system to respond nimbly to acute
patients who require urgent cardiac procedures. In valve dis-
ease, previous literature suggests that the relationship between
morbidity, mortality, and wait times is complex. Although we
did not observe an increase in waitlist mortality for TAVI
patients, previous work from our group showed that waitlist
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mortality for TAVI was 2% at 80 days and that event rates
increased linearly with increasing wait times.2 In addition,
increased capacity for TAVI was associated with lower mor-
bidity and mortality while waiting.14 Overall, this suggests
that any reduction in capacity to treat severe aortic stenosis
might lead to incremental harm—whether this applies to
other valve lesions is less certain and warrants further investi-
gation. Second, maintaining timely access to outpatient and
inpatient cardiac investigations will be paramount in limiting
delays in referral of patients for cardiac procedures and prevent
further progression of disease for those with higher-acuity pre-
sentations. Although all-cause hospitalizations while awaiting
procedures did not increase during the pandemic, this might
be partly explained by the shorter wait-times secondary to
fewer referrals during the pandemic. Interestingly, we found
that more PCI patients referred during the pandemic period
underwent same-sitting PCI compared with the prepandemic
period. This modest increase in same-sitting PCI during the
pandemic might have occurred to reduce hospital length of
stay or obviate the need for future visits.

This study must be interpreted in the context of some
important limitations. Because of the retrospective observa-
tional nature of the study design, there were differences in
baseline characteristics in the 2 time periods that might have
biased the results. Although multivariable regression was used
to account for some of these differences, including the urgent
and emergent status of the patient, unmeasured or unknown
confounders remain. The reason for offlisting from the waitlist
is not known but it is possible that patients chose to delay
their procedures because of fear of contracting COVID-19
while hospitalized for their procedure. Furthermore, we
hypothesize that the true effect of the pandemic on mortality
and morbidity while awaiting cardiac procedures might be
underestimated because of the decline in referrals during this
time period. In our analysis, we did not examine the COVID-
19 status of our patients; it is possible that the higher mortal-
ity seen for patients awaiting revascularization could be associ-
ated with a positive COVID-19 status. There is evidence in
the literature to suggest worse outcomes in those with
COVID-19 and ACS due to the highly inflammatory nature
of the virus.15 Unfortunately, we were unable to provide cause
of death (ie, cardiovascular vs noncardiovascular causes)
because of delay in cause of death reporting in administrative
data sets. The surgical valve cohort was a heterogenous group
of patients with aortic, mitral, and tricuspid disease, and
because of the smaller sample of patients, we were unable to
delineate the pandemic status on each individual valve type.
Those who required mitral valve surgery might be likely elec-
tive patients, particularly if asymptomatic—this might explain
why surgical valve procedure numbers did not increase as
quickly as other procedures in the pandemic period. Finally,
future work should be undertaken to understand the effect of
the pandemic on postprocedural outcomes.

In conclusion, we observed a significant decrease in refer-
rals for commonly performed cardiac procedures along with a
significant decrease in number of procedures completed dur-
ing the pandemic period. The potential effect of the COVID-
19 pandemic on waitlist mortality and morbidity is likely
underestimated and highlights the importance of continued
timely recognition of symptoms and treatment of these high-
risk patients with cardiovascular disease.
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