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ABSTRACT

The novel coronavirus of 2019 (COVID-19) has resulted in a global pandemic; COVID-19 has resulted in signifi-
cant challenges in the delivery of healthcare, including emergency management of multiple diagnoses, such as
stroke and ST-segment myocardial infarction (STEMI). The aim of this study was to identify the impacts of the
COVID-19 pandemic on emergency department care of stroke and STEMI patients. In this study a review of the
available literature was performed using pre-defined search terms, inclusion criteria, and exclusion criteria.
Our analysis, using a narrative review format, indicates that there was not a significant change in time required
for key interventions for stroke and STEMI emergent management, including imaging (door-to-CT), tPA admin-
istration (door-to-needle), angiographic reperfusion (door-to-puncture), and percutaneous coronary interven-
tion (door-to-balloon). Potential future areas of investigation include how emergency department (ED) stroke
and STEMI care has adapted in response to different COVID-19 variants and stages of the pandemic, as well as
identifying strategies used by EDs that were successful in providing effective emergency care in the face of the

pandemic.

© 2022 Elsevier Inc. All rights reserved.

1. Introduction

Coronavirus disease of 2019 (COVID-19), caused by Severe Acute Re-
spiratory Syndrome coronavirus 2 (SARS-CoV-2), has resulted in a
global pandemic; the initial outbreak occurred in late 2019 in Wuhan,
Hubei Province, China. The virus spread rapidly around the world and
was initially declared a pandemic on March 11, 2020. Recent variants,
including the Delta and Omicron variants, have resulted in significant
increases in cases and a related massive impact on the delivery of
healthcare, including emergency management of multiple diagnoses,
syndromes, and presentations.

It has become evident that the COVID-19 pandemic has had both di-
rect and indirect impacts on the ability of emergency systems to deliver
high quality care in acute settings. With over 69 million COVID-19 cases
to date in the United States, it is unsurprising that being forced to isolate,
diagnose, and treat these patients while still managing the millions of
other emergent cases is taxing on both the healthcare system and
healthcare professionals [1]. Resources and staffing have subsequently
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become a growing concern nationwide as shortage of vital resources
such of PPE has greatly increased burden on emergency medicine
physicians [2-4]. In addition to the direct impacts of the COVID-19
pandemic discussed above, to date in the United States there have
been over 79 million reported cases of coronavirus infection and nearly
1 million deaths due to the virus [5].

The indirect impacts of the COVID-19 pandemic may not be as
evidently clear. Emergency medicine has long been at notoriously
high risk of developing burnout before the pandemic due to their long
hours, shift work, and high emotional burden [6,7]. The COVID-19 pan-
demic has been directly shown to increase the amount of healthcare
workers suffering from exhaustion and subsequent burnout symptoms
in several previous studies [8,9]. It has been theorized that this
increased fatigue and burnout could lead to a decreased quality of care
delivered in emergency departments including care to patients with
acute life threatening conditons [ 10]. Additionally, the need for dawning
personal protective equipment and general precautions around
contracting COVID may delay emergency medical service response
time. It is also probable that the acuity of the patients that are seen in
the emergency room is higher than ever. Patients with acute, medical
events such as stroke and ST-segment elevation myocardial infarction
(STEMI) have been shown in several studies to be more reluctant to
present to hospitals given the fear of contracting COVID-19 infection
from these institutions [11-15].
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When observing the quality of care that an emergency medicine
program provides, there are several quality metrics that are usually
assessed. For instance, the door to balloon time has become a perfor-
mance measure of regional and national quality improvement initia-
tives by measuring the time it takes an emergency room to triage,
diagnose and treat an occluded coronary artery causing a STEMI
[16,17]. Similar metrics such as the time to administer tissue plasmin-
ogen activator (tPA) in patients with acute ischemic stroke (door-to-
needle time) or time to angiographic reperfusion of the ischemic
brain (door-to-puncture time) are also used [17-19].

While it is assumed that the strain of the pandemic has negatively
impacted the care of all patients as outlined above, the exact impact of
the COVID-19 pandemic on these quality metrics is not yet clear. This re-
view aims to directly quantify the impact of the COVID-19 pandemic on
the care of stroke and STEMI patients in emergency departments (ED)
by assessing quality metrics door-to-balloon time and door-to-needle
time, and door-to-puncture time.

2. Materials and methods

A structured literature search was conducted via PubMed, the Na-
tional Library of Medicine with date parameters of 3/11/2020 to 1/1/
2022. The earliest date used in the literature search parameters was
selected as the day the World Health Organization (WHO) declared
the COVID-19 outbreak to be a pandemic, 3/11/2020. Two separate
searches were conducted, one pertaining to stroke and one pertaining
to STEMI. No distinction was made between stroke subtype (hemor-
rhagic vs ischemic stroke), or stroke location. Each search used a combi-
nation of key words with free text and Medical Subject Headings
(MeSH) terms. The final search regarding stroke was ((((“emergency
services” OR “Emergency Room™ OR “Emergency Department™”) OR
(“Emergency Service, Hospital’[Mesh])) AND (covid 19)) AND
(((((“Mortality”[Mesh]) OR (“Treatment Outcome”[Mesh])) OR
((“Time-to-Treatment”[Mesh]) OR (“time to treatment”)))) OR (“treat-
ment outcome™” OR “Morbidity” OR “Mortality” OR “Clinical Effective-
ness” OR “Outcome assessment” OR “Outcome*”))) AND (((“stroke”

Table 1
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OR “CVA”) OR (“Stroke”[Mesh]))). The final search regarding STEMI
was (((((“emergency services” OR “Emergency Room*” OR “Emergency
Department™) OR (“Emergency Service, Hospital”[Mesh])) AND (covid
19)) AND (((((“Mortality”[Mesh]) OR (“Treatment Outcome”[Mesh]))
OR ((“Time-to-Treatment”[Mesh]) OR (“time to treatment”)))) OR
(“treatment outcome™” OR “Morbidity” OR “Mortality” OR “Clinical
Effectiveness” OR “Outcome assessment” OR “Outcome*”))) AND
(covid 19)) AND ((“ST Elevation Myocardial Infarction”[Mesh]) OR
(“ST elevation myocardial infarction”)).

Articles were excluded if they did not contain primary data in
emergency department settings, did not make distinctions between
pre- and pandemic periods, did not reported quality measures such as
time to intervention, had no mortality metrics, and were not written
in English. Case reports, review articles, meta-analyses, and letters
were also excluded. Data from the included articles was summarized
by disease type. Details about each study included are included in the
following sections (Table 1).

Primary data extracted for strokes were the number of strokes pre-
senting to EDs, door-to-needle time, and door-to-puncture-time in the
pre-pandemic and pandemic periods. Door-to-needle time was defined
as time from initial presentation to time of thrombolytic administration.
Door-to-puncture time was defined as time from presentation to start of
thrombectomy procedure. Secondary outcomes included onset-to-door
time, door-to-CT time, and mortality for stroke patients presenting to
emergency departments in the pre-pandemic and pandemic periods.
Onset-to-door time was denied as time from when a patient first be-
came symptomatic to presentation, while door-to-CT time was defined
as time from a patient's initial presentation to obtaining a non-contrast
CT head.

Primary data extracted in regards to STEMIs were number of cases
presenting to EDs and door-to-balloon time in the pre-pandemic and
pandemic periods. Secondary outcomes were onset-to-door time and
mortality in both periods. Door-to-balloon time was defined as the
time form presentation to percutaneous coronary intervention. Onset-
to-door time was defined as the time from first reported symptom to
prestation.

Studies included after screening based on inclusion and exclusion criteria with demographic information. NR indicated that a value was not reported or was not reported as raw data that

could be used for further analysis.

Paper Stroke/STEMI/Both Pre-pandemic Pandemic study Total number of Number of Number of Mean age
study period (days) period (days) patients men women (yr)
Velez et al. [20] Stroke 20 50 212 97 115 64.5
Velilla-Alonso et al. [21] Stroke 61 61 195 105 90 72
Saban et al. [22] Stroke 177 60 14,626 NR NR NR
Uchino et al. [23] Stroke 67 24 902 NR NR NR
Rinkel et al. [24] Stroke 48 48 716 373 343 69.5
Paliwal et al. [25] Stroke 99 99 867 446 421 70.75
Teo et al. [26] Stroke 60 61 162 77 85 71.85
Pero et al. [27] Stroke 365 364 594 305 289 71
Paolucci et al. [28] Stroke 62 31 316 NR NR NR
Aboul et al. [29] Stroke 61 61 385 202 183 64
Walker et al. [30] Both 36 73 53,683 25,017 28,666 50
Ben-Haim et al. [31] Both 88 88 447 221 226 74.2
Lee et al. [32] Both 135 139 NR NR NR NR
Mitra et al. [33] Both 29 29 109 83 26 72.9
Su et al. [34] STEMI 249 63 158 102 24 60.1
Scholz et al. [35] STEMI 93 31 15,800 11,558 4242 69.1
Choudhary et al. [36] STEMI 31 31 1777 1314 463 61.4
Rangé et al. [37] STEMI 424 31 2064 1563 501 NR
Matsubara et al. [38] STEMI 338 337 295 167 128 72.7
Sum 2443.0 1681.0 93,308.0 41,630.0 35,802.0 943.5
Mean 128.6 88.5 5183.8 27753 2386.8 67.4
Median 67.0 61.0 520.5 221.0 226.0 70.1
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Statistical analysis was performed using XLSTAT software. Student
two-tailed t-test was used to evaluate for statistically significant differ-
ences between means. Statistical significance was set at alpha <0.05.

3. Results

The initial literature search identified 126 articles, of which 19 met
inclusion criteria (Fig. 1). Of the 19 articles included in this study 10
pertained to stroke only, 5 pertained to STEMI only, and 4 pertained to
both stroke and STEMI. The average number of emergency department
patients included in each article was 5075.72 (range 109 to 53,683) with
amedian of 416. The average number of total patients including those in
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in-patient and designated stroked center settings was 5183.7 (range
109 to 53,683) with median of 520.5 patients. Men made up an average
of 221 (42.5%) of included article's study populations and the mean age
was 70.1 years. Pre-pandemic study periods ranged from 20 to 424 days,
with mean pre-pandemic study period length being 128.58 days. Pan-
demic study periods ranged from 24 to 364 days, with a mean pandemic
study period length of 88.47 days (See Figs. 2 and 3).

3.1. Stroke

Across included articles with data pertaining to ED stroke presenta-
tions there were a total of 2596 confirmed stroke presentations in the

Articles identified from PubMed
with both stroke and STEMI
search terms

(n=126)

!

Articles screened

Articles of included studies
(n=19)

Articles excluded based on title
(n =46)
Lack of ED setting
(n=15)

Lack of stroke or STEMI
(n=10)

Lack of COVID-19
(n=1)

Review Articles
(n=6)

Case Reports
(n=6)

Letters
(n=4)

Not in English
(n=4)

Articles excluded based on abstract
(n =32)

Lack of ED setting

(n=20)

Lack of pre and post pandemic data
(n=9)

Duplicates (n =3 )

(n=126) E—
v
Articles assessed for eligibility
(n=80) e
Full text articles assessed for
eligibility
(n=48)

Articles excluded based on full
text review
(n=29)

Fig. 1. Number of articles reviewed and reason for exclusion.
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Fig. 2. Stroke mean quality measures for the pandemic and pre-pandemic periods. All times are measured in minutes and are: a) onset-to-door time, b) door-to-CT time, ¢) door-to-punc-

ture time, d) door-to-needle time.

pre-pandemic period with mean of 185.43 (range 17 to 536). In the
pandemic period a total of 1863 were reported with a mean of 133.1
(range 18 to 298). This constitutes a negative 28.24% change between
the pre-pandemic and pandemic study periods. The difference between
the means was 52.36 (95% CI —103.66 to —1.05). There was a statically
significant difference in the mean number of stroke presentations be-
tween the two periods with t = —2.21 (p-value = 0.046).

Of the 14 papers with stroke data 11 reported door-to-needle time.
The mean pre-pandemic door-to-needle time was 80.19 min (min)
(range 28 to 202.2), and the mean pandemic study period door-to-
needle time was 82.76 (range 31 to 232.8) min. The percent change of
these values is a positive 3.21%, representing an increase in door-to-
needle time between the pre-pandemic and pandemic study periods.
There was no significant between door-to-needle time in the pre-
pandemic and pandemic periods with a difference between the means
of 2.57 (95% Cl —8.33 to 13.57) and t = 0.53 (p-value = 0.061).

a)

450
=0.293

400
350
300
250
200

150 l
100

50

Pandemic Pre-Pandemic

Eleven papers with stroke data reported door-to-puncture times for
the pre-pandemic and pandemic periods. The mean pre-pandemic
door-to-puncture time was 96.75 min (range 55 to 145); and the
pandemic period mean door-to-puncture time was 102.18 min (range
58 to 207). Difference between the means was 5.43 (95% CI -18.3 to
29.15) with two-tailed test = 2.23 (p-value = 0.062). The percent
change between the means was 5.61% indicating an increase in the
door-to-puncture time between the pre-pandemic and pandemic
periods.

Onset of symptoms from the time a patient presented to an ED
(onset-to-door time) was investigated as a secondary outcome. Nine
of the 14 articles reporting stroke data also reported onset-to-door
time. Mean onset-to-door time in the pre-pandemic period was
159.61 min (range 77 to 288), compared to 230.89 min (range 83 to
564) in the pandemic period. There was a significant difference in
onset-to-door time between the two periods with a difference between

b)

120 +

p=0.636

100 +

80

40

20 1

Pandemic Pre-Pandemic

Fig. 3. STEMI mean quality measures for the pandemic and pre-pandemic periods. All times are measured in minutes and are: a) onset-to-door time, b) door-to-balloon time.
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means of 71.28 (95% CI 3.38, 139.18) and; two-tailed t-test = 0.51
(p- value = 0.042). There was also a percent 44.66% change in
onset-to-door time between the pre-pandemic and pandemic study
periods. Additionally, 8 of the 14 stroke papers reported door-to-CT
time. Based on this data the mean pre-pandemic and pandemic period
door-to-CT time was 21.19 min (range 8 to 52) and 27.69 min (range
13 to 65) respectively. The percent change between the means was
5.73. There was no significant difference between the means
(1.5 min 95% CI —4.29 to 7.29) with t = 0.61 (p-value = 0.56). How-
ever there was a considerable difference between the minimum door-
to-CT time between the two study periods (8 vs 13 min).

Mortality due to stroke was reported in 7 articles. The average mor-
tality was similar between the two periods of interest with a mean
pre-pandemic and pandemic period mortality of 13.19 (range 1 to 34)
and 13.57 (range 3 to 40). The difference between the means was 0.39
(95% CI —3.47 to 4.24). The difference between the means was not
significant with t = 0.25 (p-value = 0.82).

3.2. STEMI

A total of 2819 and 201 STEMI patients were reported across all in-
cluded articles in the pre-pandemic and pandemic periods respectively.
The mean number of pre-pandemic STEMI cases presenting to EDs was
313.22 while the mean number of pandemic period STEMI cases was
100.11. This constitutes a percent change of —68.04, with a difference
between the means of —213.11 (95% Cl —466.7 to 40.48). Two-tailed
test between the means showed no significant difference (t = —1.94,
p-value = 0.089).

Door-to-balloon time was reported in 7 of the 9 articles included
pertaining to ED STEMI presentations. The mean door-to-balloon time
in the pre-pandemic period was 57.97 min (range 29.0 to 119.0),
compared to 61.94 min (range 22.7 to 122.0) in the pandemic period.
Percent change between the means was calculated to be 6.85.
Difference between the means was found to be 3.87 (95% CI —15.54
to 23.48). There was no significant difference between the mean
door-to-balloon times in the two study periods (two-tailed test =
0.49, p-value = 0.64).

Onset-to-door time was reported in 5 of the articles pertaining to
STEMI included in this study. The mean onset-to-door time was
132.22 (range 69 to 238) minutes in the pre-pandemic period
compared to 184.68 min (range 78 to 450) in the pandemic period.
The percent change between the means was 33.44, and the difference
between the means was 52.46 (95% Cl —67.9 to 172.82). However,
the difference between the means was not significantly different with
two-tailed test = 1.21 and p-value = 0.29.

Mortality was reported in 8 included articles. The mean pre-
pandemic and pandemic period mortality reported due to STEMI was
51.38 (range 3 to 169) and 34 (range 1 to 205) respectively. The percent
change between the two means was —33.82. The difference between
the means was —17.38 (95% Cl —49.22 to 14.49). Two-tailed t-test
showed no significant difference with t = —1.29 (p-value = 0.24).

4. Discussion

While direct clinical outcomes related to COVID-19, such as case in-
cidence rate, mortality, and morbidity, have been closely tracked; the
indirect effects of the pandemic are multifactorial and less clearly estab-
lished. Various reports and previous studies have demonstrated that the
public fear regarding contracting the virus, especially in early stages of
the pandemic, resulting in decreased utilization of emergency medical
services [12,37,38]. Other studies have reported significant delays in
acute care for a variety of emergent medical conditions, such as stroke
and STEMI [41-45]. Finally, it has been well established that the
COVID-19 pandemic has led to increased burnout for healthcare
workers due to emotional exhaustion and decreased staff availability
[44]. In this narrative review we set out to quantify the extent to
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which the pandemic affected the acute management of stroke and
STEMI in the ED setting using commonly used quality measures.

Multiple previous studies have reported decreased numbers of
stroke and STEMI cases presenting to EDs since the start of the pan-
demic [39,40]. While we did not find a statically significant decrease
in the number of STEMI cases, there was an absolute decrease in the
number of both STEMI and stroke cases seen between the pre-
pandemic and pandemic periods. However, we did find a statistically
significant decrease in the number of stroke cases presenting to EDs.
While the national incidence of stroke had been reported to be decreas-
ing in the years leading up to the COVID-19 pandemic, the sharp de-
crease seen between the pre-pandemic and pandemic periods seen in
this study makes it unlikely to be an organic decrease in the incidence
of stroke. It is more likely a reflection of public hesitancy to present to
the ED settings due to concerns of contracting covid which has been
previously reported [5,45].

A statistically significant increase in onset-to-door time was found
among stroke patients with a mean of 160 min in the pre-pandemic
period to 231 min during the pandemic. This further supports previous
literature that had found patients took longer to present to the ED
after developing symptoms during the pandemic period. This change
suggests public fear of potential nosocomial infection and hesitancy to
increase contact with healthcare faculties during the COVID-19 pan-
demic has had a negative impact on the care of stroke patients since
the start of the COVID-19 pandemic [46-51]. Other factors contributing
to increased onset-to-door time may be delays in emergency medical
services (EMS). These transport and first responder services are a im-
portant part in management of time sensitive medical emergencies
such as stroke and STEMLI. During the pandemic increased EMS call vol-
umes were reported compared to pre-pandemic periods placing addi-
tional strain on these services [52-54,]. Also, delays in EMS response
time including time form EMS call to scene arrival and scene arrival to
door time have been reported [52]. However, the majority of studies
found increased time form symptom onset to EMS call between
pre-pandemic and pandemic periods [55-57]. While EMS may play
a role in the increased onset-to-door time found in this study, the
increased time to EMS call found in articles suggest that it may be
due increased patient hesitancy to seek medical care due to fear of
COVID-19 exposure.

The decrease in total number of stroke cases and increase in onset-
to-door time for stroke both reflect a deleterious effect of the pandemic
on the management of stroke. However, we found that there was no sig-
nificant change in door-to-CT, door-to-needle, door-to-puncture times,
or mortality among stroke cases. These metrics reflect the speed with
which stroke patients are directed to appropriate therapy upon presen-
tation to the ED. The fact that there was not a significant increase in
these markers suggests that EDs were able to accommodate the
COVID-19 cases and protocols while also maintaining appropriate care
for stroke patients. Similarly, door-to-balloon time and mortality
among STEMI patients, was not found to be significantly different be-
tween the pre-pandemic and pandemic periods. This further demon-
strates that managing COVID-19 cases and changes in isolation
protocols did not preclude EDs from continuing to provide timely care
for patients with STEMI.

One significant limitation of this analysis was that the included stud-
ies had a higher volume of pre-pandemic data compared to the pan-
demic period. The limited case volume during the pandemic period
was largely due to the novelty of the COVID-19 pandemic and limited
amount of published data during the search period compared to the lit-
erature regarding stroke and STEMI before the pandemic. Contributing
to this was the search performed in this narrative review was limited
to the National Library of Medicine. Furthermore, the pandemic has
not been a singular change in terms of stress placed on the healthcare
system. There have been peaks and troughs in terms of case load as
well as multiple virus variants that have affected EDs differently. An-
other limitation of this study was that it did not stratify results by
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different phases of the pandemic. ED utilization has been shown to vary
in time throughout the pandemic due to a number of factors [58]. These
variations were not accounted for in our analysis which instead investi-
gated the pre-and pandemic periods as a whole. As a result variations in
stroke and STEMI care in EDs that may differ through pandemic phases
may be masked in our analysis.

5. Summary

In summary, our analysis indicates that there was not a significant
change in time required for key interventions for stroke and STEM], in-
cluding imaging (door-to-CT), tPA administration (door-to-needle), an-
giographic reperfusion (door-to-puncture), and percutaneous coronary
intervention (door-to-balloon). In order to expand on these findings
and more fully elucidate the effects of the pandemic on emergency
medicine, further studies are needed. Potential future areas of investiga-
tion include how ED stroke and STEMI care has adapted in response to
different COVID-19 variants or stages of the pandemic, and identifying
strategies used by EDs that were successful in providing effective emer-
gency care in the face of the pandemic.
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