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ABSTRACT

Objective: The aim of this study was to model the short term and 2-year overall
survival (OS) for intermediate-risk and low-risk patients with severe symptomatic
aortic stenosis (AS) undergoing timely or delayed transcatheter aortic valve
replacement (TAVR) during the 2019 novel coronavirus (COVID-19) pandemic.

Methods: We developed a decision analysis model to evaluate 2 treatment strate-
gies for both low-risk and intermediate-risk patients with AS during the COVID-19
novel coronavirus pandemic.

Results: Prompt TAVR resulted in improved 2-year OS compared with delayed
intervention for intermediate-risk patients (0.81 vs 0.67) and low-risk patients
(0.95 vs 0.85), owing to the risk of death or the need for urgent/emergent TAVR
in the waiting period. However, if the probability of acquiring COVID-19 novel coro-
navirus is>55% (intermediate-risk patients) or 47% (low-risk patients), delayed
TAVR is favored over prompt intervention (0.66 vs 0.67 for intermediate risk;
0.84 vs 0.85 for low risk).

Conclusions: Prompt transcatheter aortic valve replacement for both
intermediate-risk and low-risk patients with symptomatic severe AS results in
improved 2-year survival when local healthcare system resources are not signifi-
cantly constrained by the COVID-19. (JTCVS Open 2021;7:63-71)
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Results from decision analysis favor prompt TAVR
over delayed TAVR.
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CENTRAL MESSAGE

TAVR for both intermediate-risk
and low-risk patients with symp-
tomatic severe AS should not be
delayed during the COVID-19
pandemic unless local hospital
resources are significantly
constrained.
PERSPECTIVE
As the 2019 novel coronavirus (COVID-19) began
to spread around the world, many healthcare sys-
tems ceased elective procedures in anticipation
of a surge in COVID-19 patients and in an effort
to protect patients undergoing elective proced-
ures. Guidance is needed to help clinicians and
healthcare leaders determine whether TAVR
should be delayed for the treatment of symptom-
atic AS during the COVID-19 pandemic.

See Commentaries on pages 72 and 74.
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Abbreviations and Acronyms
ACC ¼ American College of Cardiology
AS ¼ aortic stenosis
AVR ¼ aortic valve replacement
COVID-19 ¼ coronavirus disease 2019
OS ¼ overall survival
TAVR ¼ transcatheter aortic valve replacement

Adult: Aortic Valve Freno et al
Coronavirus disease 2019 (COVID-19) began spreading
around the globe in early 2020 and was designated a global
pandemic on March 11, 2020.1 Healthcare systems world-
wide have been dramatically impacted as they have been
forced to refocus their efforts on combating COVID-19.
The world was watching as reports from Lombardy, Italy
described hospitals at capacity and short on resources.2 In
anticipation of a similar surge in cases and stress on US
healthcare systems, on March 13, 2020, the American Col-
lege of Surgeons released guidelines for the management of
elective surgical procedures encouraging providers and hos-
pitals to reschedule all elective surgical procedures.3

Shortly thereafter, the US Surgeon General and the Centers
for Medicare and Medicaid Services also released guidance
stipulating that all elective surgeries be delayed during the
pandemic.4 These measures were intended both to protect
patients undergoing elective procedures and to safeguard
the healthcare system, preserving the capacity to deal
with a surge in COVID-19 patients.

Professional societies, such as the American College of
Cardiology (ACC), have recognized the impact that these
guidelines have had on the ability to care for patients with
symptomatic aortic valve stenosis (AS), putting these pa-
tients at increased risk for cardiovascular complications
and death. Once symptoms develop as a result of AS, 2-
year mortality approaches 50% if not treated with aortic
valve replacement.5,6 The ACC and the Society for Cardio-
vascular Angiography and Interventions released a
consensus statement on triage of structural heart disease pa-
tients and timing of intervention. For patients with severe
symptomatic AS and reduced ejection fraction considered
secondary to AS, the presence of class III-IV congestive
heart failure, or syncope, transcatheter aortic valve replace-
ment (TAVR) should be considered on an inpatient basis.
However, for patients who are minimally symptomatic
without any of the previously stated characteristics, the
recommendation was for either immediate TAVR or de-
layed TAVR with close clinical follow-up.7

The risk of delaying the treatment of symptomatic
AS must be balanced with the risk of mortality from
COVID-19 infection. Early reports suggest that hospital-
ized patients, especially those with significant comorbid-
ities, such as cardiovascular and respiratory disease, are at
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increased risk for complications, including death from
COVID-19, whether community or hospital-acquired.8-11

In addition, it has been well established that patients age
>60 years are at increased risk for complications and
COVID-related mortality.11-15

The purpose of this study was to compare the 2-year out-
comes of delaying transfemoral TAVR for 6 months in low-
and intermediate-risk patients with severe symptomatic AS
with possible perioperative COVID-19 infection arising in
the immediate postoperative period. This model seeks to
provide clinicians and policy leaders with guidance on the
safety of prompt TAVR during an active phase of commu-
nity spread of COVID-19 versus delaying the procedure un-
til community spread has decreased dramatically.

METHODS
Decision Model Design

We developed a decision analysis model to evaluate 2 treatment strate-

gies for AS during the COVID-19 pandemic: prompt transfemoral TAVR

and delayed transfemoral TAVR after 6 months (Figure 1). The decision

tree details the initial choice (ie, the decision node) of proceeding promptly

with TAVR or delaying TAVR and follows branch points to the ultimate

outcomes of death or 2-year overall survival (OS) (terminal nodes). The

availability of hospital resources can be a factor in the initial choice of de-

laying TAVR if local levels of COVID-19 infection are sufficiently high

such that hospital beds and ventilators are unavailable. If the operation is

performed electively for either prompt or delayed TAVR, there are chance

nodes for operative mortality, perioperative COVID-19 infection, and mor-

tality due to COVID-19. For the delayed pathway, there is a chance that the

patient will not undergo elective TAVR but may decompensate and require

urgent or emergent TAVR either from disease progression during the

interim or from contracting COVID-19 (see below). For a patient undergo-

ing urgent or emergent TAVR, there are again chance nodes for operative

mortality, perioperative COVID-19 infection, and mortality due to

COVID-19. Perioperative COVID-19 infection is defined as having con-

tracted the virus in during a period of several days before or during the hos-

pitalization for the procedure.

We used TreeAge Pro version 2018 (TreeAge Software, Williamson,

Mass) to construct the decision tree model. A literature review and expert

opinion (when published data were unavailable) were used to estimate

model parameters and ranges for sensitivity analysis. Individual patient

data were not used for this study, and thus informed consent was not

required. Institutional Review Board approval was not necessary, because

this study did not involve biomedical research.

Patient Simulations
We modeled 2 clinical scenarios: intermediate risk and low risk, as

defined by the patient’s STS risk for isolated surgical AVR. Whereas our

intervention is TAVR, current methodology to risk-stratify patients for

TAVR in clinical practice and the available literature with regard to

TAVR outcomes use the STS risk of mortality for surgical AVR. Low-

risk and intermediate-risk patients were chosen because they pose the

most significant challenge when determining the safety of delaying

TAVR and because they encompass approximately two-thirds to three-

quarters of all TAVR procedures in the modern era.16 Our intermediate-

risk base clinical case was a 75-year-old female presenting with dyspnea

and found to have severe AS who was deemed an intermediate-risk candi-

date for surgical AVR (Table 1). Our low-risk base case was a 65-year-old

female with symptomatic severe AS who was deemed a low-risk candidate

for surgical AVR.
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FIGURE 1. Decision analysis tree for the timing of transcatheter aortic valve replacement (TAVR) during the coronavirus disease 2019 (COVID-19)

pandemic. The decision analysis tree demonstrates possible outcomes associated with either delaying TAVR or undergoing prompt TAVR. The availability

of hospital resources during surges in COVID-19 infections may play a role in the decision to delay TAVR. The blue square indicates the decision node,

whether to choose prompt or delayed TAVR; green circles, chance nodes; red triangles, terminal nodes. Numerical values for the chance nodes and terminal

nodes are detailed in Tables 2 and 3.

TABLE 1. Clinical scenarios

Risk classification Age, y Clinical characteristics STS score, %

ACC TAVR in-hospital

mortality risk, %

Intermediate-risk patient 75 � Symptomatic AS (dyspnea)

� Mild CAD s/p remote PCI

� Diabetes

� Paroxysmal atrial fibrillation

� EF>50%

� Mild MR

� Creatinine 1.5 mg/dL

� Takes clopidogrel

4.5 4

Low-risk patient 65 � Symptomatic AS

� Hypertension

� Trivial MR

� EF>50%

� Creatinine 0.8 mg/dL

1.3 1.5

STS, Society of Thoracic Surgeons; ACC, American College of Cardiology; TAVR, transcatheter aortic valve replacement; AS, aortic stenosis; CAD, coronary artery disease; PCI,

percutaneous coronary intervention; EF, ejection fraction; MR, mitral valve regurgitation.

JTCVS Open c Volume 7, Number C 65

Freno et al Adult: Aortic Valve



Adult: Aortic Valve Freno et al
Both patients were candidates for TAVR via a transfemoral approach

and presented to a hospital during the acute phase of the COVID-19

pandemic. This assumes the presence of COVID-19 in the community

and hospital, but not to such a degree that hospital resources are exhausted.

The institution still has hospital room capacity, available ventilators, and a

readily available supply of blood products, and the COVID trajectory is

rapidly increasing within the community, necessitating reallocation of re-

sources by the institution. The model assumes that the patients had been

screened before the procedure and did not endorse symptoms related to

the virus or test negative for COVID-19.

Model Variables
TAVR. Treatment simulations were performed for both prompt and de-

layed TAVR. Assumptions for a patient who underwent prompt TAVRwere

a 2- to 3-day hospitalization,17 during which time the patient would be at

risk for a hospital-acquired COVID-19 infection, and periprocedural mor-

tality of 1.5% (low risk) or 4% (intermediate risk) based on the baseline

characteristics (Table 2).27

During the 6-month delay in TAVR, there are three possible scenarios:

(1) the patient’s AS worsened significantly during the interval, necessi-

tating urgent/emergent TAVR; (2) the patient died before undergoing

TAVR; or (3) the patient survived without disease progression and under-

went electively scheduled delayed TAVR (Table 2).5,6,23,25,26 If the

patient underwent urgent or emergent TAVR, then the probability of oper-

ative mortality increased to 2.3% (low risk) and 6.1% (intermediate

risk).18-20,27,28

COVID-19. The COVID-19 parameters listed in Table 2 were derived

from the limited published reports available as of April 15, 2020. An addi-

tional variable, risk of perioperative COVID-19 infection, encompasses the

risk to patients of both community-acquired and hospital-acquired infec-

tion around TAVR. The risk of perioperative COVID-19 infection for

prompt TAVRwas set at 1.4% by the research team to reflect the local prev-

alence of disease as defined by the percentage of positive tests obtained in

asymptomatic or minimally symptomatic cases. For delayed TAVR, the

risk of perioperative COVID-19 exposure was set to almost zero as the pur-

pose of delaying TAVR for 6 months was to allow the prevalence to

decrease. Sensitivity analyses also modeled the risk of perioperative

COVID-19 at 0.7% in the delayed approach in the event that the commu-

nity prevalence did not drop to zero.
TABLE 2. Model parameters

Chance parameter

Intermediate risk

Probability Range

TAVR operative mortality,

elective

0.0399 -

TAVR operative mortality,

urgent

0.0612 -

COVID-19 mortality 0.21 0.1-0.35

Prompt TAVR

Perioperative COVID-19

infection

0.014 0.01-0.20

Delayed TAVR

Perioperative COVID-19

infection

0.00001 0-0.01

Elective TAVR 0.59 -

Urgent/emergent TAVR 0.26 0.162-0.357

No surgery (disease

progression)

0.15 0.045-0.237

TAVR, Transcatheter aortic valve replacement; ACC, American College of Cardiology; STS

by the research team based on current local data on asymptomatic transmission rates.
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The risk of COVID-19–related mortality after TAVR was derived from

reports of patients undergoing major surgery who were subsequently diag-

nosed with COVID-19 in the postoperative period and is estimated at

21%.21,22 These patients were more likely to require intensive care unit

(ICU) admission and had an elevated mortality compared with the general

non-postoperative patient population age 60 to 79 years.2,15

Two-Year OS
The 2-year OS for TAVR patients similar to our case scenarios was es-

tablished from the literature (Table 3).29,32 Patients who underwent elective

TAVR had improved OS compared with those who underwent urgent or

emergent TAVR.18-20

As COVID-19 is a new disease emerging in late 2019, there are no long-

term follow-up patient data available for reference. To approximate the ef-

fect of COVID-19 on OS after TAVR, we used available data on the impact

of in-hospital infections, the principle entity of which is pneumonia, after

TAVR on 2-year OS based on hazard ratios.30,31 The decrease in 2-year OS

for prompt TAVR due to COVID-19 was determined to be 9% to 16% for

intermediate risk and 2.6% to 4.5% for low risk. The decrease in 2-year OS

for urgent or emergent TAVR due to COVID-19 was set to be the same for

both intermediate-risk and low-risk cases (14% to 26%) given the same

change in status.

Sensitivity Analyses
Numerous variables contribute to an individual patients’ risk of sudden

death while awaiting TAVR, risk of disease progression requiring urgent

TAVR, and 2-year OS after having undergone TAVR. Because of the vari-

ability and uncertainty in estimating these values, we performed multiple

one-way sensitivity analyses to account for the uncertainty in these key

model parameters and to approximate how differences in the base case

could affect the model outcome. This is accomplished by altering one

parameter at a time while holding all other variables constant at baseline

values. One-way sensitivity analyses were performed for both low-risk

and intermediate-risk patients by varying the probabilities of requiring ur-

gent or emergent TAVR during the delay, of dying due to disease progres-

sion during the delay, the 2-year OS of TAVR, the probability of

perioperative COVID-19 infection, and the probability of mortality from

COVID-19. Much uncertainty remains today with regard to the risk

of acquiring COVID-19 and the patient-specific risk of dying from
Low risk

Reference(s)Probability Range

0.015 - ACC/STS calculator

0.023 - 18, 19, 20

0.21 0.1-0.35 21, 22

0.014 0.01-0.20 *

0.00001 0-0.01 *

0.70 Remainder from urgent/death

0.26 0.162-0.357 5, 23, 24

0.05 0-0.09 5, 6, 23, 25, 26

, Society of Thoracic Surgeons; COVID-19, 2019 novel coronavirus. *Parameters set



TABLE 3. Two-year OS

Timing of TAVR

Intermediate risk Low risk

Reference(s)Value Range Value Range

Without COVID-19 infection

Prompt TAVR 0.85 0.83-.087 0.965 0.955-0.976 29

Urgent/emergent TAVR 0.76 0.74-0.79 0.76 0.74-0.79 18, 19, 20

With COVID-19 infection

Prompt TAVR 0.72 0.69-0.74 0.93 0.91-0.95 30, 31

Urgent/emergent TAVR 0.56 0.497-0.623 0.56 0.497-0.623 30, 31

The 2-year OS data for low-risk and intermediate-risk patients are based on COVID-19 infection status and urgency of TAVR. Data are extrapolated using hazard ratios for

hospital-acquired pneumonia following TAVR. TAVR, Transcatheter aortic valve replacement; COVID-19, 2019 novel coronavirus.
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COVID-19. To model the uncertainty in these COVID-19 variables, 2-way

sensitivity analysis was performed (Tables 2 and 3) by simultaneously

varying the probability of acquiring perioperative COVID-19 and the prob-

ability of mortality from COVID-19 once acquired for both low- and

intermediate-risk patients while holding all other parameters constant. To

model the effect of a longer or shorter length of delay, an additional

2-way sensitivity analysis was performed by simultaneously varying the

probability of undergoing urgent or emergent TAVR and the probability

of dying before undergoing TAVR for both low-risk and intermediate-

risk patients.

e

100%
RESULTS
Proceeding with prompt TAVR for intermediate-risk AS

resulted in greatly improved 2-year OS compared with de-
laying TAVR for 6 months to allow for COVID-19 preva-
lence to decrease (2-year OS, 0.81 for prompt TAVR and
0.67 for delayed TAVR). The 2-year OS for the low-risk pa-
tient proceeding with prompt TAVR was also improved
compared with delaying TAVR for 6 months (2-year OS,
0.95 for prompt TAVR and 0.85 for delayed TAVR). These
results were essentially unchanged when the prevalence of
COVID-19 at 6 months remained at 0.7%.
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FIGURE 2. Two-way sensitivity analysis for the probabilities of infection

and mortality from coronavirus disease 2019 (COVID-19) in intermediate-

risk patients. The graph displays the favored strategy (prompt or delayed

transcatheter aortic valve replacement [TAVR]) across a range of all

possible probabilities of contracting perioperative COVID-19 infection

and COVID-19–related mortality while holding all other model variables

constant at baseline values. For any given probability of mortality from

COVID-19, one can estimate the probability of contracting COVID-19 in

which the favored strategy changes from prompt TAVR to delayed

TAVR. The vast majority of patients will benefit from prompt TAVR

because they will fall into the left lower quadrant of the figure with a prob-

ability of either contracting COVID-19 or dying from it of<40%.
Sensitivity Analyses: Intermediate Risk
Altering the probability of requiring urgent or emergent

TAVR or dying before undergoing TAVR did not change
the outcome of favoring prompt TAVR. Prompt TAVR
was favored for a COVID-19 infection probability of
<55%, and delayed TAVR was favored for a COVID-19
infection probability of>55%.

Results of the 2-way sensitivity analysis altering the
probability of acquiring COVID-19 and the probability of
mortality from an acquired COVID-19 infection are shown
in Figure 2. This figure demonstrates that prompt TAVR is
favored for a wide range of probabilities both of acquiring
COVID-19 and of dying from COVID-19. Even if the prob-
ability of dying from an acquired COVID-19 infection is
>50%, the probability of acquiring such infection would
have to be>40% for delayed TAVR to be the favored strat-
egy (Figure 2). If the probability of undergoing urgent
TAVR is�3% and the probability of dying before undergo-
ing TAVR is �1%, then delaying the procedure is favored
(Figure E1); however, this scenario is clinically unlikely,
given the evidence suggesting that delaying TAVR by
even 3 months results in at least a 16% risk of requiring ur-
gent TAVR during that interval (Table 2).
Sensitivity Analyses: Low Risk
Altering the probability of requiring urgent or emergent

TAVR or dying before undergoing TAVR did not change
the outcome of favoring prompt TAVR. Prompt TAVR
was favored for a COVID-19 infection probability<42%,
whereas delayed TAVR was favored for a COVID-19 infec-
tion probability>47%.
Two-way sensitivity analysis again demonstrates that for

a wide range of probabilities of acquiring COVID-19 and
mortality from COVID-19, prompt TAVR is favored. If
the probability of COVID-19 mortality is>50%, then the
probability of perioperative COVID-19 infection must be
>30% for delayed TAVR to be favored (Figure 3). If the
probability of undergoing urgent TAVR is �3% and the
JTCVS Open c Volume 7, Number C 67
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FIGURE 3. Two-way sensitivity analysis for the probability of infection

and mortality from coronavirus disease 2019 (COVID-19) in low-risk pa-

tients. The graph displays the favored strategy (prompt or delayed trans-

catheter aortic valve replacement [TAVR]) across a range of possible

probabilities of contracting perioperative COVID-19 infection and

COVID-19–related mortality while holding all other model variables con-

stant at baseline values. For any given probability of mortality from

COVID-19, one can estimate the probability of contracting COVID-19 in

which the favored strategy changes from prompt TAVR to delayed

TAVR. The vast majority of patients will benefit from prompt TAVR

because they will fall into the left lower quadrant of the figure with a prob-

ability of either contracting COVID-19 or dying from it of<40%.
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probability of dying before undergoing TAVR is<0.5%,
then delaying the procedure is favored (Figure E2). Again,
this scenario is clinically unlikely, as the evidence suggests
that delaying TAVR for even 3 months results in at least a
16% risk of requiring urgent TAVR during that interval
(Table 2).

DISCUSSION
COVID-19 is likely to continue to tax healthcare re-

sources, and a resurgence is a highly likely possibility.
This decision analysis will help guide clinicians and health-
care systems in deciding how to triage TAVR patients based
on the local prevalence of COVID-19. Because long-term
survival with AS can be significantly impacted by delays
in diagnosis and treatment,5,6 we created an informative
simple model quantifying the potential harm to a patient
with severe symptomatic AS if TAVR was delayed due to
the COVID-19 pandemic, the results of which are summa-
rized in Figure 4. Multiple consensus statements and expert
opinions have been published with regard to this clinical
question without any data-driven analyses. In a recently
published case series, 77 patients with severe AS were fol-
lowed as their procedure was delayed secondary to COVID-
19.24 During their 3-month follow-up period while elective
TAVR was delayed, 3 patients (4%) died while awaiting
TAVR, and 24 patients (31%) underwent urgent TAVR
for accelerated symptoms; both values are consistent with
the ranges which we used for our modeling.

Our decision analysis model found that delaying TAVR
for 6 months impacted the 2-year OS in patients that were
either intermediate risk (0.81 for prompt TAVR vs 0.67
for delayed TAVR) or low risk (0.95 for prompt TAVR vs
0.85 for delayed TAVR). In addition, when we performed
a 2-way sensitivity analysis to vary probabilities of disease
progression, including probabilities that were representa-
tive of a shorter delay, prompt TAVR was still preferred
over delayed TAVR. Furthermore, the model suggests a sig-
nificant risk of acquiring perioperative COVID-19 (>47%)
is required to favor delaying TAVR, at which point most
hospitals would have insufficient resources to proceed
with TAVR regardless. To date, no US community has
seen this degree of community prevalence during the
pandemic. Examining the communities with the highest
burden of COVID-19 disease necessitating the complete
shutdown of operative and procedural services reveals a
prevalence threshold much lower than that required in our
simulation for delayed TAVR to be preferred. This implies
that as long as the healthcare system in question has re-
sources to offer TAVR, they should be doing so.

Although decision analysis model parameters are very
narrow in scope by design, the sensitivity analyses allow
for modeling a range of uncertainty. The 2-way sensitivity
analysis may serve as a helpful guide for clinicians to inter-
pret the model for different patient- and system-level factors
68 JTCVS Open c September 2021
at the time of intervention. For example, older patients with
multiple comorbidities who are at intermediate risk for
TAVR are more likely to have severe infections and
increased mortality from COVID-19. Using Figure 2, if
mortality exceeds 60% for these patients, then delayed
resection is likely preferred when infection prevalence ex-
ceeds 25%. Conversely, among younger patients with few
comorbidities and a lower mortality rate of 10%, the deci-
sion to delay resection may be preferred only when infec-
tion prevalence exceeds 80%. It is unlikely that any
patient will fall into the predicted mortality range for a
given incidence of COVID-19, which means there are
very few, if any, patient-specific factors that should lead
one to delay TAVR.

Although this analysis was not designed to evaluate the
decision making process for patients undergoing surgical
AVR, it is interesting to note the similarities in the data be-
tween the 2 groups. Two-year OS and in-hospital mortality
are not statistically significantly different between the 2
procedures; therefore, the only parameter likely to differ be-
tween the 2 groups is the risk of acquiring COVID-19 in the
postoperative period, likely to be higher in the surgical
group owing to a higher percentage of patients requiring
in-patient rehabilitation or an additional caregiver at home
while recovering. This is accounted for in the 2-way sensi-
tivity analysis described in Figures 2 and 3, which would
seem to suggest that prompt AVR is preferred for almost
all patients.
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One limitation of this study is the paucity of available
literature on COVID-19, which resulted in estimating
several model parameters from similar but nonidentical
clinical scenarios. We addressed this by analyzing a range
of values for the COVID-19 parameters in our sensitivity
analyses. Second, defining the perioperative risk of
acquiring COVID-19 is difficult, as it is becoming increas-
ingly clear that individual behaviors and exposures weigh
heavily on one’s risk of exposure. We addressed this by us-
ing the asymptomatic prevalence as our risk because it is a
good marker of the risk of coming into contact with some-
one in the community who unknowingly has the disease,
and also because this number is readily available from local
health departments. In addition, predicting the mortality
rate for a patient who develops perioperative COVID-19 af-
ter undergoing TAVR is handicapped by incomplete avail-
able evidence. We reference 2 case series showing a
postoperative mortality of 20% following a heterogenous
group of surgeries in a total of 75 patients.

Finally, another limitation of our study is our inability to
predict the risk of COVID-19 transmission in 6 months. As
the pandemic has progressed, it has become increasingly
clear that a variety of social and political factors weigh
heavily on the curve of transmission for a given community.
Our model assumes the institution of several well-described
public health mitigation efforts, such as mask wearing and
social distancing, which have demonstrated an ability to
reduce transmission rates and local community prevalence.
It has become increasingly clear that the vast majority of
COVID-19 transmissions are occurring in the community
and not within the hospital; therefore, it is a reasonable
assumption that delaying in-hospital procedures does not
significantly reduce the risk of acquiring COVID-19.
Furthermore, as our 2-way sensitivity analysis demon-
strates, an individual’s risk of mortality from COVID-19
would have to be extremely high to warrant delaying
TAVR, even with a high community prevalence.
Resource utilization is an important element of medical

decision making during a pandemic. In the present analysis,
we assumed that the treating center had adequate resources
to proceed with TAVR. As we have seen during the COVID-
19 pandemic, some healthcare systems have become over-
whelmed, and limitations in ICU beds, ventilators, personal
protective equipment, blood product supply, and clinical
staff which may preclude TAVR. Institutions across the
country have developed alternative staffing models to deal
with surges in critically ill coronavirus patients. These
models often include physicians and nursing staff being
reallocated from one service arena to another. Which areas
are negatively affected by staff being pulled will vary from
institution to institution and can potentially impact the abil-
ity to fully staff operating rooms, cardiac catheterization
labs, ICUs, or postprocedural step-down units. All these
factors must be taken into consideration when determining
whether a particular institution is sufficiently resource-
constrained that they cannot adequately care for TAVR pa-
tients. However, as the prevalence of COVID-19 fluctuates
in communities, or other infectious pandemics arise, this
model can be adapted to help hospitals and surgeons deter-
mine when to proceed with specific operations.
CONCLUSIONS
Proceeding with prompt TAVR for low- and

intermediate-risk patients with symptomatic severe AS dur-
ing the COVID-19 pandemic resulted in an improved 2-year
OS compared with delaying TAVR for a period as short as 3
JTCVS Open c Volume 7, Number C 69
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to 6 months. This improved survival was more pronounced
for patients at intermediate risk but held true even for low-
risk patients. As the risk of perioperative COVID-19 in-
creases above 55% (intermediate risk) or 47% (low risk),
delaying TAVR is associated with improved long-term sur-
vival; however, with these rates of COVID-19 infection,
local hospitals would be overwhelmed and would have
insufficient resources to proceed with TAVR. According
to our analysis, the only reason to delay TAVR would be
insufficient resources to care for these patients in the periop-
erative period.
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FIGURE E1. Two-way sensitivity analysis for probability of undergoing

urgent or emergent transcatheter aortic valve replacement (TAVR) or dying

before repair during a 6-month delay due to the coronavirus disease 2019

(COVID-19) pandemic in intermediate-risk patients. The graph displays

the favored strategy (prompt or delayed TAVR) across a range of possible

probabilities of dying before surgery or requiring urgent/emergent repair

while holding all other model variables constant at baseline values. Prompt

TAVR is preferred in all clinically relevant circumstances, as the probabil-

ity of undergoing urgent/emergent TAVR within 3 to 6 months is>5%

based on the best available evidence, easily falling in the prompt TAVR

area of>5%.
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FIGUREE2. Two-way sensitivity analysis for the probability of undergo-

ing urgent or emergent transcatheter aortic valve replacement (TAVR) or

dying before repair during the 6-month delay due to the coronavirus disease

2019 (COVID-19) pandemic in low-risk patients. The graph displays the

favored strategy (prompt or delayed TAVR) across a range of possible prob-

abilities for dying before surgery or requiring urgent/emergent repair while

holding all other model variables constant at baseline values. Prompt TAVR

is preferred in all clinically relevant circumstances, as the probability of un-

dergoing urgent/emergent TAVRwithin 3 to 6 months is>5% based on the

best available evidence, easily falling in the prompt TAVR area of>5%.
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