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Abstract

Background: We sought to investigate the trajectory of cardiac cath-
eterizations for acute coronary syndrome (ACS) and out-of-hospital 
cardiac arrest (OHCA) during the pre-isolation (PI), strict-isolation 
(SI), and relaxed-isolation (RI) periods of the coronavirus disease 2019 
(COVID-19) pandemic at three hospitals in Los Angeles, CA, USA.

Methods: A retrospective analysis was conducted on adult patients 
undergoing urgent or emergent cardiac catheterization for suspected 
ACS or OHCA between January 1, 2020 and June 2, 2020 at three 
hospitals in Los Angeles, CA, USA. We designated January 1, 2020 to 
March 17, 2020 as the PI COVID-19 period, March 18, 2020 to May 
5, 2020 as the SI COVID-19 period, and May 6, 2020 to June 2, 2020 
as the RI COVID-19 period.

Results: From PI to SI, there was a significant reduction in mean 
weekly cases of catheterizations for non-ST elevation myocardial in-
farction/unstable angina (NSTEMI/UA) (8.29 vs. 12.5, P = 0.019), 
with all other clinical categories trending downwards. From SI to RI, 
mean weekly cases of catheterizations for total ACS increased by 
17%, NSTEMI/UA increased by 27%, and OHCA increased by 32%, 
demonstrating a “rebound effect”.

Conclusions: Cardiac catheterizations for ACS and NSTEMI/UA ex-
hibited a “rebound effect” once social isolation was relaxed.

Keywords: COVID-19; Acute coronary syndrome; Cardiac catheter-
ization; Cardiac arrest

Introduction

Recent studies demonstrated a worrisome decline in cardiac 
catheterizations for acute coronary syndrome (ACS) during 
the initial peak of the coronavirus disease 2019 (COVID-19) 
pandemic [1-4]. Once the incidence of new COVID-19 cases 
appeared to decrease, isolation orders were relaxed across the 
country. We sought to investigate if this relaxed-isolation (RI) 
period was associated with an increase in cardiac catheteriza-
tions for ACS and out-of-hospital cardiac arrest (OHCA) re-
quiring catheterization lab activation, thereby demonstrating a 
“rebound effect” following the first peak of COVID-19.

Materials and Methods

We performed a retrospective analysis of adult patients under-
going urgent or emergent cardiac catheterization for suspected 
ACS or OHCA between January 1, 2020 and June 2, 2020 at 
three hospitals in Los Angeles, CA, USA. We designated Janu-
ary 1, 2020 to March 17, 2020 as the pre-isolation (PI) COV-
ID-19 period, March 18, 2020 to May 5, 2020 as the strict-iso-
lation (SI) COVID-19 period, and May 6, 2020 to June 2, 2020 
as the RI COVID-19 period. The Institutional Review Board 
of University of California, Los Angeles, approved this study 
and waived patient consent given the retrospective nature of 
the study. This study was conducted in compliance with all the 
applicable institutional ethical guidelines for the care, welfare 
and use of animals.

We included all adult (age ≥ 18 years) patients with car-
diac catheterizations for ACS, ST-elevation myocardial infarc-
tion (STEMI) activations, true STEMI, non-STEMI/unstable 
angina (NSTEMI/UA), and OHCA. STEMI activation was de-
fined as a catheterization lab activation for a presumed STEMI 
or OHCA. ACS was defined as true STEMI or NSTEMI/UA. 
True STEMI was defined by the presence of a culprit lesion on 
angiogram. For all cases, we collected baseline demographic 
and cardiovascular risk factor data.

We compared cardiac catheterization volume for each clin-
ical category (ACS, STEMI activation, true STEMI, NSTEMI/
UA, OHCA) for each time period. One-way analysis of vari-
ance (ANOVA) or Fisher’s exact tests were used to evaluate 
differences between groups of variables, as appropriate. We 
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performed one-way ANOVA to evaluate if cases per week of 
ACS, STEMI activation, STEMI, NSTEMI/UA, and OHCA 
differed across PI, SI, and RI. Post hoc analysis was completed 
using Tukey’s test. All statistical analyses were completed us-
ing STATA 16.1 MP (College Station, TX, USA), and a P value 
< 0.05 was considered statistically significant.

Results

Overall, 377 patients were included in this study, with 211 pa-
tients during PI, 99 patients during SI, and 67 patients dur-
ing RI. Baseline demographic and clinical characteristics were 
similar among the three groups (Table 1). There was a statis-
tically significant difference in cardiac catheterization cases 
for NSTEMI/UA between groups (P = 0.025 for interaction 
(ANOVA)). This was driven by a significant difference in the 
mean number of cases per week of NSTEMI/UA in SI relative 
to PI (8.29 vs. 12.5, P = 0.019). There were no statistically sig-
nificant differences in the other clinical scenarios (ACS, STE-
MI activation, OHCA) in SI relative to PI. However, trends 
toward an increase in cases in RI relative to SI were observed 

in ACS, NSTEMI/UA, and OHCA. Specifically, from SI to RI, 
the mean weekly number of catheterization cases for ACS in-
creased by 17%, NSTEMI/UA increased by 27%, and OHCA 
increased by 32% (Fig. 1).

Discussion

To the best of our knowledge, there have been no studies in-
vestigating the impact of isolation relaxation on cardiac cathe-
terizations for ACS and OHCA. As of June 2, 2020, Los Ange-
les had suffered 59,144 cases of COVID-19, comprising more 
than one-third of California’s total cases [5]. The three hospi-
tals included in this study serve a population that is diverse in 
socioeconomic status, race/ethnicity, and health literacy from 
West Los Angeles to the Santa Clarita Valley. Our primary 
objective was to investigate patterns in ACS and OHCA in 
this impacted population as isolation policies and perceptions 
relaxed. We found that each clinical category (ACS, STEMI 
activation, true STEMI, NSTEMI/UA, OHCA) initially de-
creased as isolation measures intensified. Our study’s major 
findings were that ACS and NSTEMI/UA later increased as 

Table 1.  Demographics and Clinical Characteristics of Patients Undergoing Urgent or Emergent Cardiac Catheterization for Each 
Clinical Scenario in the Time Period Pre-Isolation (January 1, 2020 to March 17, 2020), Strict-Isolation (March 18, 2020 to May 5, 
2020), and Relaxed-Isolation (May 6, 2020 to June 2, 2020)

All Pre-isolation (n = 211) Strict-isolation (n = 99) Relaxed-isolation (n = 67) P value
Male 74% 72% 74% 77% 0.75
Age (years) 65.4 65.0 ± 13.7 65.0 ± 12.0 67.4 ± 11.7 0.41
Prior coronary artery disease 41% 40% 39% 44% 0.77
Hyperlipidemia 59% 53% 63% 67% 0.07
Hypertension 71% 67% 71% 79% 0.21
Diabetes mellitus 38% 40% 34% 37% 0.55
Chronic kidney disease 22% 19% 27% 20% 0.29

Figure 1. Mean number of cases per week for each clinical scenario during the time periods pre-isolation (January 1, 2020 to 
March 17, 2020), strict-isolation (March 18, 2020 to May 5, 2020), and relaxed-isolation (May 6, 2020 to June 2, 2020). Standard 
error bars are shown. *Statistically significant difference with a P value < 0.05. ACS: acute coronary syndrome; NSTEMI: non-ST 
elevation myocardial infarction/unstable angina; UA: unstable angina; OHCA: out-of-hospital cardiac arrest.
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isolation relaxed in May of 2020 in Los Angeles.
The rebound in total ACS is predominantly driven by 

the rise in cardiac catheterizations for NSTEMI/UA. Though 
these trends did not reach statistical significance, they are 
clinically meaningful in the context of prior studies that cor-
roborate our findings of an initial decline in cardiac cath-
eterizations for ACS and OHCA as isolation intensified [6, 
7]. Given that our PI to SI findings are consistent with other 
published data, we believe the identified uptick in total ACS 
and NSTEMI/UA from SI to RI reflects an important clinical 
trend. We also found that OHCA increased from SI to RI, but 
because the total numbers of cases were low, meaningful con-
clusions cannot be drawn.

A number of reasons likely account for this “rebound ef-
fect” in NSTEMI/UA and ACS from SI to RI. First, major 
institutions developed public health campaigns encouraging 
patients to seek emergency care for chest pain and other symp-
toms [8]. Second, consistent with major societal guidelines 
[9-11], the three hospitals in this study initially developed pro-
tocols directing cardiologists to manage NSTEMI/UA cases 
medically in the absence of high-risk clinical features or hemo-
dynamic instability during the initial months of COVID-19. 
The patients were managed medically with antiplatelet agents 
(aspirin + P2Y12 inhibitor) via an ischemia-guided strategy if 
they were deemed to be clinically stable and without refractory 
angina [12]. In May, these hospitals reverted to pre-COVID-19 
protocols (i.e., routine cardiac catheterization for NSTEMI/
UA). Third, on May 5, Los Angeles Mayor Eric Garcetti an-
nounced a relaxation of the Shelter-At-Home orders in Los 
Angeles. Patients may have been reassured by these policy 
adjustments, and coupled with previously described public 
health education, felt more comfortable seeking medical at-
tention. Finally, the rebound in NSTEMI/UA and ACS may 
be due to patients’ coronary artery disease physiologically 
worsening during the months of isolation. Patients may have 
missed important appointments, failed to initiate important 
medications like antiplatelet agents and statins, and delayed 
revascularization for stable angina.

This study has several limitations, the primary one being 
its modest sample size. We suspect that the trends observed in 
our study would meet statistical significance in a larger, ad-
equately powered study. This study is also limited in its geo-
graphic generalizability as it is focused on cardiac catheteriza-
tions at three hospitals in Los Angeles, CA. In other locations, 
there are wide-ranging differences in rates of COVID-19 in-
fection, hospital-specific practice patterns, and public policies. 
Additionally, the present study is a qualitative, descriptive 
analysis designed to evaluate rates of cardiac catheterization 
for various clinical scenarios. Therefore, mortality rates or 
other secondary outcomes across time periods were not stud-
ied. Finally, this study did not investigate how reciprocal out-
of-hospital death from cardiac arrest changed during the same 
time periods, which would help clarify the hypothesis that pa-
tients delayed seeking care more than usual during SI.

In conclusion, cardiac catheterizations for ACS and 
NSTEMI/UA exhibited a “rebound effect” once social iso-
lation was relaxed in Los Angeles. COVID-19 continues to 
wreak havoc on Los Angeles, which has already entered a sec-
ond period of intensified isolation as cases rise precipitously 

[13]. Further studies of how ACS and OHCA cases are affected 
by peaks and troughs of the ongoing pandemic are critical to 
formulating public policy, guiding medical management, and 
equipping patients with proper information for optimal safety.
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