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Abstract
Objective: To describe the impact of COVID-19 on acute 
cerebrovascular disease care across 9 comprehensive stroke 
centers throughout Los Angeles County (LAC). Methods: 
Volume of emergency stroke code activations, patient char-
acteristics, stroke severity, reperfusion rates, treatment 
times, and outcomes from February 1 to April 30, 2020, were 
compared against the same time period in 2019. Demo-
graphic data were provided by each participating institu-
tion. Results: There was a 17.3% decrease in stroke code ac-

tivations across LAC in 2020 compared to 2019 (1,786 vs. 
2,159, respectively, χ2 goodness of fit test p < 0.0001) across 
9 participating comprehensive stroke centers. Patients who 
did not receive any reperfusion therapy decreased by 16.6% 
in 2020 (1,527) compared to 2019 (1,832). Patients who re-
ceived only intravenous thrombolytic (IVT) therapy de-
creased by 31.8% (107 vs. 157). Patients who received only 
mechanical thrombectomy (MT) increased by 3% (102 vs. 
99). Patients who received both IVT and MT decreased by 
31.8% (45 vs. 66). Recanalization treatment times in 2020 
were comparable to 2019. CSCs serving a higher proportion 
of Latinx populations in the eastern parts of LAC experienced 
a higher incidence of MT in 2020 compared to 2019. Mild in-
crease in stroke severity was seen in 2020 compared to 2019 
(8.95 vs. 8.23, p = 0.046). A higher percentage of patients 
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were discharged home in 2020 compared to 2019 (59.5 vs. 
56.1%, p = 0.034), a lower percentage of patients were dis-
charged to skilled nursing facility (16.1 vs. 20.7%, p = 0.0004), 
and a higher percentage of patients expired (8.6 vs. 6.3%,  
p = 0.008). Conclusion: LAC saw a decrease in overall stroke 
code activations in 2020 compared to 2019. Reperfusion 
treatment times remained comparable to prepandemic 
metrics. There has been an increase in severe stroke inci-
dence and higher volume of thrombectomy treatments in 
Latinx communities within LAC during the pandemic of 
2020. More patients were discharged home, less patients 
discharged to skilled nursing facilities, and more patients ex-
pired in 2020, compared to the same time frame in 2019.

© 2021 S. Karger AG, Basel

Introduction

The COVID-19 pandemic is causing an unprece-
dented challenge for hospital systems across the world. 
Limited resources, strict infectious disease control 
measures, and public perception have stressed all fac-
ets of healthcare, particularly acute care systems such 
as stroke, acute coronary syndrome, and trauma work-
flows. As the pandemic was beginning to take hold in 
North America, Tam and colleagues [1] reported the 
impact of COVID-19 outbreak on ST-segment eleva-
tion myocardial infarction in Hong Kong, China, 
where they observed an increase in treatment times for 
7 STEMI patients after implementation of stringent in-
fection control measures. These 7 patients were not in-
fected with COVID-19, highlighting the pandemic re-
sponse effects on acute care unrelated to infectious dis-
ease [1].

As the world became further entrenched in the cur-
rent pandemic, there has been a concomitant surge of 
observations and implementation of dynamic guide-
lines regarding acute stroke care [2–11]. A common 
observation from numerous hospitals and hospital sys-
tems has been a sharp decrease in patients presenting 
with stroke-like symptoms [12–16]. Conversely, Oxley 
et al. [17] reported a disturbing incidence of large ves-
sel stroke as a presenting feature of COVID-19 in the 
young.

We sought to investigate the impact of COVID-19 
emergency response measures on acute stroke care in 
Los Angeles County (LAC), with a collaborative effort 
involving multiple comprehensive stroke centers. LAC 
holds >10 million residents and unfortunately has seen 
a high incidence of COVID infection numbers when 

compared to other major metropolitan cities across the 
USA [18]. Participating CSCs are located across differ-
ent areas of LAC and include a range of hospital sizes 
in a range of socioeconomic regions: Cedars-Sinai 
Medical Center (CSMC), University of California, Los 
Angeles (UCLA), Kaiser Permanente, Los Angeles 
Medical Center (KP-LAMC), Providence Saint Joseph 
Medical Center in Burbank (Burbank), Providence 
Saint John’s Health Center in Santa Monica (Santa 
Monica), Providence Little Company of Mary Medical 
Center in Torrance (LCM), PIH Health Whittier Hos-
pital (PIH), PIH Health Good Samaritan Hospital 
(Good Sam), and Torrance Memorial Medical Center 
(TMMC).

In an effort to mitigate healthcare worker COVID-19 
exposure, telemedicine (telestroke) has been widely im-
plemented in Emergency Departments and within resi-
dency training programs [19]. Acute care workflows have 
been adjusted as necessary, with the focus remaining on 
efficiently providing emergency stroke care and recanali-
zation treatment for eligible acute ischemic stroke pa-
tients. CSMC, the coordinating CSC, provided acute 
stroke care in the Emergency Department while limiting 
the physical presence to a single team member from the 
Stroke Team, incorporating InTouch Provider® software 
and Multipresence (InTouch Health, Goleta, CA, USA) 
[20].

We also sought to measure the effect of COVID-19 
on hospital metrics of acute stroke care. Acute stroke 
care relies heavily on strict time windows; we postu-
lated a decrease in patients presenting within said win-
dows due to anxiety surrounding safety of healthcare 
centers during the pandemic. Patients treated with in-
travenous thrombolytics (IVT) must present within  
4.5 h of the last well known or symptom discovery, 
while the window for mechanical thrombectomy (MT) 
patients who present with a large vessel occlusion must 
present within 24 h [21–25]. Recent reports indicate 
COVID-19 has disproportionately impacted Latinx 
communities in Southern California, and thus we 
sought to evaluate if there is correlation between par-
ticipating CSCs, geographic COVID-19 positivity 
rates, and acute stroke admissions [26].

Methods

We evaluated acute stroke care admissions in 2019 and during 
the COVID-19 pandemic in the same quarter in 2020 across 9 par-
ticipating CSCs. County demographics were obtained via Com-
munity Health Needs Assessment reports produced by each CSC. 
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Table 1. Individual comprehensive stroke center data

CSC Demographics, 
%*

Year Total stroke 
code activations

Patients, N

no Tx IVT only MT only IVT + MT

Burbank
Hispanic/Latinx 59.0

Black 3.6 2020 218 176 24 14 4
White 52.3 2019 250 202 32 8 8
Asian 10.4 % change −12.8 −12.9 −25.0 75.0 −50.0
Others 33.7

CSMC
Hispanic/Latinx 49.1

Black 18.4 2020 196 169 14 8 5
White 19.8 2019 330 284 19 19 8
Asian 10.1 % change −40.6 −40.5 −26.3 −57.9 −37.5
Others 2.6

Good Sam
Hispanic/Latinx 53.1

Black 8.9 2020 240 209 11 12 8
White 13.2 2019 231 190 22 7 12
Asian 22.5 % change 3.9 10.0 −50.0 71.4 −33.3
Others 2.3

KP-LAMC
Hispanic/Latinx 46.5

Black 4.3 2020 77 50 18 7 2
White 27.6 2019 86 56 18 8 4
Asian 19.0 % change −10.5 −10.7 0.0 −12.5 −50.0
Others 2.6

LCM
Hispanic/Latinx 56.2

Black 13.0 2020 260 227 10 16 7
White 42.0 2019 368 315 16 25 12
Asian 12.0 % change −29.3 −27.9 −37.5 −36.0 −41.7
Others 33.0

PIH Whittier
Hispanic/Latinx 67.0

Black 1.6 2020 237 191 8 30 8
White 17.9 2019 267 224 15 16 12
Asian 11.6 % change −11.2 −14.7 −46.7 87.5 −33.3
Others 1.9

Santa Monica
Hispanic/Latinx 17.1

Black 6.0 2020 151 143 3 3 2
White 66.8 2019 171 154 10 7 0
Asian 14.5 % change −11.7 −7.1 −70.0 −57.1 Null
Others 6.1

TMMC
Hispanic/Latinx 36.5

Black 9.3 2020 142 117 13 6 6
White 31.3 2019 166 136 22 4 4
Asian 17.9 % change −14.5 −14.0 −40.9 50.0 50.0
Others 5.1
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sum test. A 2-sided 0.05 significance level was used throughout. As 
this was an exploratory study, we did not adjust from multiple 
comparisons. Statistical calculations were made using SAS version 
9.4 (SAS Institute, Cary, NC, USA).

Results

From February 1, 2020, to April 30, 2020, there were 
1,786 activated stroke codes compared to 2,159 in 2019 
(17.3% decrease, χ2 goodness of fit test p < 0.0001) in the 
same time frame across 9 participating CSCs. Patients 
who did not receive any reperfusion therapy similarly de-
creased by 16.6% in 2020 (1,527 vs. 1,832 patients). There 
was a larger drop in IVT in 2020, with a 31.8% decrease 
across CSCs (107 vs. 157 patients). Patients who received 
only MT increased by 3% in 2020 (102 vs. 99 patients). 
Patients who received both IVT and MT decreased by 
31.8% (45 vs. 66 patients), mostly explained by the drop 
in the IVT-arm of combination recanalization treatment. 
Individual CSC demographics, stroke code activations, 
and reperfusion treatment numbers are depicted in Ta-
ble  1. Individual CSC changes in reperfusion therapy 
treatment numbers are depicted in Figure 1, and regional 
changes are depicted in Figure 2.

DTN and DTG times remained similar throughout 
both timeframes across all patient populations. In pa-
tients receiving only IVT, mean DTN 2020 was 55.7 ± 
27.0 min compared to 55.6 ± 34.5 min in 2019 (Wilcoxon 
rank sum test p = 0.31). In patients receiving only MT, 
average DTG 2020 was 99.2 ± 60.5 min compared to DTG 

COVID-19 testing during the time period in question was highly 
variable, and thus there is much uncertainty regarding true in-
fectious rates for each individual institution. However, the Los 
Angeles Public Health Department and Los Angeles Times 
would later publish their findings regarding regional differenc-
es in positive cases as testing became more reliable in subse-
quent months [27].

Volume of Emergency Department stroke code activations, 
patient characteristics (age/gender), stroke severity presentation 
(NIH Stroke Scale), reperfusion therapy rates, and treatment 
times in a 3-month period from February 1 to April 30, 2020, 
were compared with the same time period in 2019 [28]. There 
were no significant changes to Emergency Medical Services rout-
ing procedures throughout LA county nor any significant change 
to each institution’s acute stroke care pathways between the 2 
time periods in 2019 and 2020, aside from more use of telemedi-
cine in 2020 as described previously. Reperfusion treatments 
were categorized into 4 groups: (1) no reperfusion treatment, (2) 
thrombolytic treatment only (IVT), (3) MT only, or (4) com-
bined recanalization therapies (IVT and MT). Many of these data 
points are tracked by each CSC including door-to-needle (DTN) 
times for IVT and door-to-groin puncture (DTG) times for MT. 
Outcomes were based on discharge locations: home, skilled nurs-
ing facility, or expired.

All institutions obtained individual IRB waivers and data use 
agreements in place with coordinating center, CSMC, for data shar-
ing, study analysis, and publication. All sites participated in week-
ly virtual meetings to clarify data collection and address questions 
regarding data validity whilst performing extensive chart review. 
Deidentified patient information was secured in a master database.

Statistical Methods
Categorical variables were summarized by frequencies and per-

centages and compared across the year using the χ2 or Fisher’s ex-
act test. Numerical variables were summarized by mean and stan-
dard deviation and compared across the year by the Wilcoxon rank 

CSC Demographics, 
%*

Year Total stroke 
code activations

Patients, N

no Tx IVT only MT only IVT + MT

UCLA
Hispanic/Latinx 16.7

Black 5.6 2020 265 250 6 6 3
White 59.4 2019 290 276 3 5 6
Asian 13.6 % change −8.6 −9.4 100.0 20.0 −50.0
Others 4.7

9 CSCs total 2020 1,786 1,527 107 102 45
2019 2,159 1,832 157 99 66
% change −17.3 −16.6 −31.8 3.0 −31.8

IVT, intravenous thrombolysis; MT, mechanical thrombectomy. * At Providence Burbank, Little Company 
of Mary, and Santa Monica, Hispanic/Latinx is reported separately from other race/ethnicity data, and therefore 
Latinx can overlap with other race/ethnicity categories (e.g., Latinx and White), therefore exceeding 100%.

Table 1 (continued)



COVID-19 Impact on Stroke Treatment 
at 9 Stroke Centers across Los Angeles

5Cerebrovasc Dis
DOI: 10.1159/000516908

2019 of 110.2 ± 65.3 min (p = 0.26). In patients receiving 
both IVT and MT, 2020 DTN was 44.2 ± 17.6 min com-
pared to 2019 DTN 43.7 ± 27.2 min (p = 0.21) and 2020 
DTG was 96.5 ± 24.5 min compared to 2019 DTG 99.4 ± 
40.1 min (p = 0.94).

There was a significant increase in mean NIHSS in 
2020 compared to 2019 (8.95 vs. 8.23, p = 0.046), while 
median NIHSS remained the same at 4. There was no sig-
nificant difference in age or sex between both years.

A higher percentage of patients were discharged home 
in 2020 compared to 2019 (59.5 vs. 56.1%, p = 0.034). A 
lower percentage of patients were discharged to skilled 

nursing facilities in 2020 compared to 2019 (16.1 vs. 
20.7%, p = 0.0004). A higher percentage of acute ischemic 
stroke patients expired in 2020 compared to 2019 (8.6 vs. 
6.3%, p = 0.008).

Discussion

In 9 CSCs across LAC that represent a range of demo-
graphic and socioeconomic regions, there was an observed 
decrease in stroke code activations at the start of the CO-
VID-19 pandemic. There was a concomitant larger de-

Fig. 1. Individual CSC change in reperfusion therapy rate. Forest plot showing percentage change of patients 
treated with IVT, MT, and combined IVT + MT as reported by each participating comprehensive stroke center. 
IVT, intravenous thrombolysis; MT, mechanical thrombectomy.
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Fig. 2. Regional change in patients receiving reperfusion therapies. a The percentage change in number of patients 
treated with IVT (milder symptoms, presenting within 4.5 h of symptom onset) in 2020 as compared to 2019.  
b The percentage change in number of patients treated with MT alone (more severe presentations, presenting 
within 24 h of symptom onset). c Combined IVT and MT (more severe presentations within 4.5 h of symptom 
onset). IVT, intravenous thrombolysis; MT, mechanical thrombectomy.
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crease in patients with acute ischemic stroke treated with 
IVT (presenting <4.5 h), while patients with large vessel 
occlusion who qualified for MT (more severe symptoms, 
presenting <24 h) slightly increased in 2020 compared to 
2019, most notable in the eastern parts of LAC. Patients are 
presenting with more severe symptoms as evidenced by 
slight but statistically significant observed increase in pre-
senting NIHSS. As patients in both IVT and IVT + MT 
groups decreased, this is consistent with patient reports of 
hesitation in seeking emergency medical care during the 
pandemic, especially in those with milder stroke symptoms 
[29]. While the incidence of acute ischemic stroke re-
mained constant, fewer patients were presenting within 4.5 
h of symptom onset to receive IVT.

This study has some limitations, most notably it does 
not capture stroke patients who presented outside the 
window for reperfusion therapies, as no stroke code was 
activated. Demographic data are not reported in uniform 
manner across institutions.

While IVT patient volumes decreased across all insti-
tutions, there are notable differences between individual 
institutions and MT frequency. Burbank, Good Sam, and 
PIH all report a remarkable >70% increase in MT patients 
in 2020 compared to 2019. These CSCs serve a population 
that has consistently seen a higher COVID-19 infection 
burden as reported by the Los Angeles Department of 
Health and Los Angeles Times. These CSCs also serve a 
higher Latinx population relative to LA County.

As this study captures the beginning of the pandemic 
in LAC, reliable COVID-19 testing was not available un-
til late March 2020. Therefore, it is difficult to make a 
clear correlation between COVID-19 infection rates driv-
ing the increase in MT rates and stroke severity. However, 
the notable regional differences across LAC along with 
the differences in community ethnicity breakdown high-
light the big differences seen among CSCs, even within 
the same county in a large metropolitan US city. The 9 
CSCs represented in this study provide a unique perspec-
tive, with more than half of LAC’s 16 total CSCs partici-
pating in this observational study. However, this study 
does not report findings from LAC’s primary stroke cen-
ters, which also treat a large proportion of IVT eligible 
patients. We are actively collaborating with the LAC EMS 
Medical Director to address these access issues, with a 
goal to reach more patients who need emergency stroke 
care with the use of telemedicine, connecting stroke ex-
pertise to our ER colleagues on the front lines.

DTN and DTG treatment times remain comparable to 
prepandemic metrics. Dynamic workflow changes such 
as donning and doffing PPE and incorporating telestroke 

have not significantly changed recanalization treatment 
times. Discharge disposition data suggest that there was a 
stronger push from both patient and care teams to dis-
charge home rather than nursing facilities given concerns 
of COVID infection spreading at high rates in nursing 
homes. Outcome data also show increased mortality in 
emergency acute ischemic stroke patients during the pan-
demic compared to the year prior with patients present-
ing with greater stroke severity in 2020.

Overall, the 9 CSCs continue to provide emergency 
stroke recanalization treatments with comparable care, 
before pandemic and during the pandemic in LAC. Prag-
matic updates to acute stroke workflows as stated in the 
AHA/ASA Stroke Guidelines during the pandemic have 
ensured emergency recanalization treatments can occur 
without delay [2].
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