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Abstract
Introduction: COVID- 19 drastically impacted the landscape of the United States’ 
medical system. Limited data is available on the nationwide implantation trends in 
Cardiac Resynchronization Therapy Defibrillator (CRT- D) devices before and during 
the pandemic. We aimed to explore the impact of the COVID- 19 pandemic on CRT- D 
insertion rates and adverse outcomes related to delays in care.
Methods and Results: We conducted a retrospective cross- sectional analysis using 
the National Inpatient Sample database between 2017 and 2020. Variables were 
identified using their ICD- 10 codes. Inclusion criteria: age ≥ 18 years, presenting for a 
nonelective admission, primary diagnosis of hypertensive heart disease, hypertensive 
heart, chronic kidney disease, or heart failure, and underwent insertion of a CRT- D. 
Between 2017 and 2020, CRT- D devices were inserted during 23,635 admissions. On 
average, 6198 devices were implanted yearly from 2017 to 2019, with only 5040 de-
vices being implanted in 2020. Additionally, reduced implantation rates were noted for 
every cohort of hospital size, location, and teaching status during this year. The year 
2020 also had the highest average death rate at 1.39%, but this difference was statisti-
cally insignificant (adjusted Wald test p = .767), and COVID- 19 was not associated with 
an increased risk of inpatient mortality (OR 0.22, 95% CI 0.03–1.82, p = .162).
Conclusion: The COVID- 19 pandemic has affected all facets of the healthcare system, 
especially surgical volume rates. CRT- D procedures significantly decreased in 2020. 
This is the first retrospective study highlighting the trend of reduced rates of CRT- D 
implantation as a response to the COVID- 19 pandemic.
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1  |  INTRODUC TION

The COVID- 19 pandemic drastically changed how healthcare was 
utilized.1 Office visits were canceled for months, and hospitalizations 

were dominated by the SARS- CoV- 2 virus, while encounters for typ-
ical diseases significantly declined.1,2 Procedure volume dropped 
considerably during the initial wave of COVID- 19, including those 
typically associated with life- saving measures.3 As the world 
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adapted, many practitioners switched to telehealth visits and re-
mote monitoring for their patients.4 Simovic et al. conducted an on-
line survey study in 28 European countries and reported a significant 
increase in remote cardiac implantable electronic device monitoring 
during the pandemic.5 Surgical operations began to normalize over 
the following months.3,6 Nevertheless, the delays in care experi-
enced during this time have contributed to long- term consequences 
for patient outcomes.7,8

Pacing and cardiac resynchronization therapy (CRT) are 
vital therapeutic options for those patients in New York Heart 
Association (NYHA) II- III, ambulatory IV heart failure with a reduced 
ejection fraction of ≤35%, QRS duration ≥150 ms, and left bundle 
branch block, as well as those with conditions such as syncope 
and bi- fascicular block.9 CRT has been shown to be beneficial in 
reducing morbidity and mortality, as well as reducing hospitaliza-
tions and improving quality of life.10,11 From 2006 to 2013, studies 
have shown that CRT use has increased each year.12,13 Given the 
increasing prevalence of heart failure and implantation rates of 
CRT, many heart failure patients benefited from this therapy in the 
pre- COVID- 19 years.14,15

The Heart Rhythm Society, the American College of Cardiology, 
and the American Heart Association issued guidance for managing 
invasive electrophysiology procedures during the COVID- 19 pan-
demic. The task force recommended and increasingly mandated 
postponing or canceling nonurgent and elective procedures, in-
cluding cardiac resynchronization therapy device (CRT- D) implan-
tation in stable patients.16 In patients with severe refractory heart 
failure where the implantation of CRT- D is considered urgent, 
the task force issued several recommendations, including screen-
ing for COVID- 19, elective intubation of COVID- 19 patients, and 
performing the procedures in negative- pressure operating rooms, 
as well as other recommendations.16 COVID- 19 pneumonia's in-
volvement in the cardiovascular system has also been well es-
tablished, including pericarditis, myocarditis, heart failure, acute 
coronary syndrome, and arrhythmias.17,18 It was found that 49% 
of patients who were deceased from COVID- 19 also had a comor-
bidity of heart failure.19 Heart failure has been found to be the 
most common complication during exacerbations of COVID- 19, 
even in patients without a history of cardiovascular diseases.20 
To date, the literature is scarce on the impact of the pandemic 
on electrophysiological procedures for patients with heart failure, 
namely CRT with or without defibrillator capacity, its immediate 
effects on outcomes in the real world, and its impact on patient 
outcomes. We identified the impact of the COVID- 19 pandemic 
and aftermath on the utilization of CRT- D and the outcomes asso-
ciated with hospitalizations.

2  |  METHODS AND MATERIAL S

The Equator Network Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) guidelines were observed to 
prepare the manuscript.21

2.1  |  Study design/settings

The Agency for Healthcare and Research and Quality Healthcare 
Cost and Utilization Project's National Inpatient Sample (NIS) was 
utilized to perform a cross- sectional, retrospective study from 2017 
to 2020. The NIS is a publicly available, all- payer inpatient healthcare 
database. It represents a 20% stratified sample of hospital discharges, 
excluding rehabilitation and long- term acute care hospitals. The NIS 
database and software tools were developed for the Healthcare 
Cost and Utilization Project (HCUP).22

2.2  |  Participants

Cases represent hospital encounters. If there are multiple admissions 
for the same patient, every admission is recorded as a separate 
encounter. We included all the admissions for patients with the 
following criteria: 18 years of age or older at the time of admission; 
nonelective admission; admission diagnosis of hypertensive heart 
disease, hypertensive heart with chronic kidney disease, or heart 
failure (ICD- 10 codes I11, I13, I50); insertion of a CRT device (ICD- 10 
code 0JH**9*).

2.3  |  Variables

The primary objective was to analyze the temporal and national 
trends in characteristics, management, procedural utilization, and 
outcomes for admissions with a CRT device implantation. The 
primary outcome of this study was to assess the trend of CRT- D 
implantations from 2017 to 2020 in patients that met the inclusion 
criteria. Secondary outcomes included mortality and hospital length 
of stay.

2.4  |  Data measurements

Age was reported in years. Race was divided into six categories: 
White, Black, Hispanic, Asian or Pacific Islander, Native American, 
and Other. Additional factors of interest included hospital bed size 
(i.e. small, medium, and large), hospital location/teaching status 
(i.e., rural, urban nonteaching, and urban teaching), median house-
hold income, and geographical location. Diagnoses and procedures 
were identified using the International Classification of Diseases, 10th 
Revision (ICD- 10) codes.

2.5  |  Ethical considerations

The Institutional Review Board is not required for studies utilizing 
the NIS databases, as they fall under the “limited data sets” category 
exempted by the HIPAA privacy regulations. Any subgroup identify-
ing between one and ten patients was obfuscated per HCUP's data 
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use agreement. Additionally, the study was conducted in agreement 
with and followed the principles of the Declaration of Helsinki.

2.6  |  Statistical methods

Baseline characteristics included patient demographics, hospital 
and location attributes, insurance, and disposition. Comorbidities 
were identified by the Elixhauser comorbidity software package. 
Continuous and categorical variables were presented as means with 
standard errors. The Rao- Scott Chi- square test compared categorical 
variables between groups. Hospital procedural volume was 
calculated yearly using the weighted quantity of CRT insertions and 
then divided into quintiles. Procedural volume was calculated using 
the total number of procedures, regardless of admission diagnosis. 
Stata 17 (College Station, TX, USA) was used for all statistical 
analyses, utilizing the “svy” function to account for complex survey 
methodology with weighting, consistent with HCUP's best practices. 
An alpha (p) value of .05 was used to ascertain statistical significance.

3  |  RESULTS

3.1  |  Patient demographics

Between 2017 and 2020, there were 23,635 index admissions 
during which CRT- D devices were inserted and met the study 
inclusion criteria. Of all the included admission diagnoses, patients 
had a mean age of 69.27 years, and 70.55% identified as male. Of 
these patients, 64.92% identified as White, while 19.70% identified 
as Black. Of all the index admissions, 1310 patients (5.54%) were 
COVID- 19 positive, or 25.99% of CRT- D implantations in the year 
2020. Complete baseline characteristics are included in Table 1.

3.2  |  CRT- D utilization trends

Cardiac resynchronization therapy devices were implanted in 
23,635 admissions from 2017 to 2020. Trends are summarized in 
the Central Illustration (Graphical Abstract). The overall yearly trend 
of CRT device insertions is presented in Figure 1. During this time 
period, CRT- D procedures had a steady decline after reaching a peak 
in March of 2018, with the largest yearly decrease noted in 2020. 
On average, 6198 devices were implanted yearly between 2017 
and 2019. Device implantation decreased to 5040 occurrences in 
2020. Monthly CRT- D implantation rates from 2017 to 2020 are 
represented in Figure 2. The largest monthly decreases in CRT- D 
insertion volume during 2020 were noted between March to April 
and November to December. By the end of 2020, CRT- D insertions 
reached the lowest that they had been between the years of 
2017 and 2020, although there was a brief increase in insertions 
in October 2020. A reduction in implantations was noted in every 
region of the United States during 2020, compared to the respective 

yearly mean between 2017 and 2019; the percent reductions are 
plotted by region in Figure 3.

CRT- D yearly implantation rates, grouped by hospital character-
istics and patient demographics, are presented in Figure 4. Reduced 
implantation rates were noted in 2020 when compared to the aver-
age of the previous 3 years for every subcohort, including hospital 
size, location, and teaching status. The reduction in implantations for 
patients identified as Black was significant in 2020 (adjusted Wald 
test p = .036), while all other races showed no statistical significance 
(p > .05, all). There was no statistically significant change in rates as-
sociated with elderly patients, identified as those above 75 years of 
age (p = .756).

3.3  |  Mortality, healthcare utilization

The year 2020 had the highest average death rate during admission 
at 1.39%, but this difference was statistically insignificant (adjusted 
Wald test p = .767), and COVID- 19 was not associated with an 
increased risk of inpatient mortality (OR 0.22, 95% CI 0.03–1.82, 
p = .162). There was an insignificant increase in the odds of mortality 
in 2020 when compared to previous years (OR 1.43, 95% CI 
0.62–3.26, p = .401). However, patients who had comorbidities, as 
classified by the Elixhauser comorbidity index, had a statistically 
significant 57% increase in mortality (OR 1.57, 95% CI 1.38–1.78, 
p < .001) for each additional medical condition over this 4- year time 
period. There was no significant difference in hospital length of 
stay in 2020 (OR −0.28, 95% CI −0.90–0.34, p = .380); however, a 
COVID- 19 diagnosis was associated with a 0.19- day longer length of 
stay (OR 1.19, 95% CI 0.24–2.14, p = .014). Length of stay was also 
significantly increased for CRT- D patients in hospitals with large bed 
sizes (OR 1.61, 95% CI 1.00–2.22, p < .001) and if it was an urban 
teaching hospital (OR 1.42, 95% CI 0.37–2.47, p < .008).

4  |  DISCUSSION

This retrospective review aimed to investigate the national and 
temporal effects of the COVID- 19 pandemic on the annual preva-
lence of surgical procedures involving CRT- D insertion. We iden-
tified a substantial decrease in CRT- D implants that occurred in 
the year 2020 from the previous 3- year collective average. This 
decline in insertion rates was consistent across all geographic lo-
cations and hospital characteristics that were analyzed. Our find-
ings align with those of other studies that demonstrated a drastic 
COVID- 19- induced decrease in surgical procedures. To highlight 
this point, a large retrospective review by Levya et al. analyzed 
the rates of various cardiac procedures, including percutaneous 
coronary intervention, coronary artery bypass graft, and valve 
replacements, that were undertaken during the 3 months follow-
ing the announcement of a national England lockdown in March 
of 2020.6 During this 3- month timeframe, there was a 63% de-
crease in cardiac operations compared to the same period in 2019. 
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Previously, a cross- sectional study was completed analyzing the 
NIS database for CRT and CRT- D trends from 2006 to 2012 and 
revealed that there was an overall decrease in CRT procedures 
over these years.13

Despite the number of CRT- D implantations from 2017 to 2020, 
there was an overall decrease in implantations, with the lowest total 
occurring in December 2020. It was also found that in patients with 
comorbidities, there was a statistically significant increase in mor-
tality for each additional comorbidity over the 4 years. An overall 
reduction in implantations occurred in 2020 for each subcohort of 
hospital size, location of the hospital in the United States by region, 
and teaching status. There was a decrease in implantations across 
races and household income status in 2020 when compared to the 
previous 3 years. Based on the demographics of the patients receiv-
ing CRT- D implantation, there was a significant reduction in implan-
tations in patients identifying as Black in 2020. These results were 
consistent with a multicenter retrospective cohort study using the 
National Cardiovascular Registry Data from 2010 to 2014, which 
found that 88.6% of eligible patients received CRT- D, but there 
were disparities with lower usage in patients who were Black or had 
nonprivate insurance.23 Given the nature of heart failure and the re-
duction in implantations during COVID- 19, many of the patients who 
needed CRT- D may have expired during this time.

The COVID- 19 pandemic led to many care delays and health-
care issues for various diseases. Many other specialties were also 
greatly affected by the pandemic, and a decrease in therapeutic 
interventions and elective procedures led to delayed manage-
ment, imaging, and follow- up, along with increased decompen-
sations and potential missed diagnoses.8,24 Cardiac interventions 
and procedures also showed an overall decline from 2019 to July 
2020 and included decreases in percutaneous coronary inter-
vention, coronary artery bypass grafting, and ablations, amongst 
others.6

There were also significant positive outcomes from CRT- D and 
the increased usage of remote monitoring during the pandemic. 
Providers were able to better predict heart failure exacerbations, 
detect arrhythmias, identify malfunctions, decrease healthcare vis-
its and costs, and reduce exposure to COVID- 19.4 Alerts from the 
remote heart failure monitoring system allowed for prompt inter-
ventions to prevent further progression and reduce hospitalizations 
when compared with the traditional in- office CRT- D evaluation.25 
The European Heart Rhythm Association survey before and during 
the pandemic showed a significant increase in the use of remote 
monitoring for pacemakers, loop recorders, cardiovascular elec-
tronic implantable devices (CEIDs), and CRT- p, as well as a decrease 
in in- office visits during the pandemic.5 ICD and CRT- D remote 

F I G U R E  1  Yearly Trends of CRT- D Implantation. Quantity of CRT implantations by year from 2017 to 2020. During this time period, 
CRT- D implantation rates peaked in 2018 and were the lowest in 2020. There was a significant overall downward trend in implantations. The 
trends correlate with the start of COVID- 19 pandemic.
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monitoring also showed a significant reduction in the physical ac-
tivity and heart rate of patients when comparing pre- COVID and 
during COVID.26

Delays in implantation and many patients not being able to 
receive CRT- D could have potentially detrimental consequences 
for advanced heart failure patients. The COMPANION trial 

analyzed NYHA heart failure class III and IV patients and found 
that CRT- D reduced mortality and hospitalizations from heart fail-
ure by 40% and also decreased overall mortality from any cause 
by 36% compared to medical management.27 Khazanie et al. also 
found that CRT- D patients benefited from a decreased risk of 
death at 3 years, lower all- cause readmissions, and cardiovascular 

F I G U R E  2  Monthly CRT- D 
Implantation. Quantity of CRT- D 
implantations by month from 2017 to 
2020. CRT- D implantations broken 
down by month reveal that there was a 
significant decline in implantations from 
February to April 2020, as well as an 
overall lower number of implantations in 
the year. The years 2017 to 2019 show a 
baseline of greater CRT- D implantations 
when compared to 2020. source: National 
inpatient sample

F I G U R E  3  Reduction in CRT- D 
Implantation by Region. The percent 
difference of CRT- D implantations 
in 2020 from the average yearly rate 
between 2017 and 2019 based on the 
region of the United Statesa. The west 
region had the greatest reduction in 
CRT- D implantation rates, followed by 
the Central South region. The lowest 
reduction in implantation rates occurred 
in the Southeast region. aMade by taking 
the average insertion total by region 
from 2017 to 2019, then finding the % 
difference between that average and the 
2020 totals.
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readmissions when compared to medical therapy.28 The benefits 
of CRT- D have been highlighted in prior studies and literature. 
The patients who were delayed in receiving this therapy due to 
COVID- 19 may have had overall poor outcomes, which could be 
due to decreased healthcare availability and use during this time, 
the patient's not meeting criteria for CRT- D or not being opti-
mized on guideline- directed medical therapy, and low procedure 
volumes in certain hospitals.29 Possible delays could also be at-
tributed to patients being deterred from medical care during the 
pandemic, mortality from other reasons, illness due to COVID- 19, 
and other comorbidities.

4.1  |  Limitations

Due to the retrospective nature of this study, this study is subject 
to missing confounders and cannot be used to determine causality. 
This study also relied on ICD codes, which leads to the potential for 
under- identification or missing all potential cases. The data gathered 
in this study was from the NIS database, and admissions were deter-
mined using only the primary diagnosis by which patients presented 

to the hospital, which is consistent with HCUP's best- use method-
ologies. Patients presenting with alternate diagnoses but who were 
otherwise qualified to be included in this study were excluded, po-
tentially lowering the sample size.

5  |  CONCLUSION

The COVID- 19 pandemic affected implantation rates of CRT- D in 
the United States. As COVID- 19 plateaus, CRT- D insertions may 
potentially return to pre- pandemic levels. Delays in implantation 
may have long- term consequences for those requiring life- saving 
therapy, particularly those with multiple comorbidities. The CRT- D 
trends and associated demographics highlighted through the analy-
sis of the NIS database showed significant effects of the pandemic 
on CRT- D insertions in the year 2020. More studies are needed to 
identify the effects of this delay and the associated clinical and pa-
tient outcomes.
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