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Stroke

ORIGINAL CONTRIBUTION

Acute Stroke Presentation, Care, and Outcomes
in Community Hospitals in Northern California

During the COVID-19 Pandemic

Mai N. Nguyen-Huynh, MD, MAS; Xian Nan Tang, MD, PhD; David R. Vinson(=, MD; Alexander C. Flint’®, MD, PhD;
Janet G. Alexander(®, MSPH; Melissa Meighan, DNP; Molly Burnett, MD; Stephen Sidney, MD, MPH; Jeffrey G. Klingman, MD

BACKGROUND AND PURPOSE: Shelter-in-place (SIP) orders implemented to mitigate severe acute respiratory syndrome
coronavirus 2 spread may inadvertently discourage patient care-seeking behavior for critical conditions like acute ischemic
stroke. We aimed to compare temporal trends in volume of acute stroke alerts, patient characteristics, telestroke care, and
short-term outcomes pre- and post-SIP orders.

METHODS: We conducted a cohort study in 21 stroke centers of an integrated healthcare system serving 4.4+ million members
across Northern California. We included adult patients who presented with suspected acute stroke and were evaluated by
telestroke between January 1, 2019, and May 9, 2020. SIP orders announced the week of March 15, 2020, created pre
(January 1, 2019, to March 14, 2020) and post (March 15, 2020, to May 9, 2020) coh%rtg‘fﬁifj‘gomparison. Main outcomes
were stroke alert volumes and inpatient mortality for stroke. ' :

RESULTS: Stroke alert weekly-volume post-SIP (mean, 98 [95% Cl, 92-104]) decreased significantly compared with pre-
SIP (mean, 132 [95% CI, 130-136]; A<0.001). Stroke discharges also dropped, in concordance with acute stroke alerts
decrease. In total, 9120 patients were included: 8337 in pre- and 783 in post-SIP cohorts. There were no differences in
patient demographics. Compared with pre-SIF, post-SIP patients had-higher National Institutes of Health Stroke Scale
scores (P=0.003), lower comorbidity score (R”<0.001), and arrived more often by ambulance (FP<0.001). Post-SIP, more
patients had large vessel occlusions (P=0.03), and there were fewer stroke mimics (P=0.001). Discharge outcomes were
similar for post-SIP and pre-SIP cohorts.

CONCLUSIONS: In this cohort study, regional stroke alert and ischemic stroke discharge volumes decreased significantly in the
early COVID-19 pandemic. Compared with pre-SIP, the post-SIP population showed no significant demographic differences
but had lower comorbidity scores, more severe strokes, and more large vessel occlusions. The inpatient mortality was similar
in both cohorts. Further studies are needed to understand the causes and implications of care avoidance to patients and
healthcare systems.
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syndrome coronavirus 2 has infected >2.37 mil-
lion people in the United States and 9.47 million
people worldwide. This new coronavirus has claimed
>100000 American lives and caused >450000 deaths
worldwide." The impact of coronavirus disease 2019

As of June 25, 2020, the severe acute respiratory

(COVID-19) extends beyond viral pneumonia and acute
respiratory distress syndrome.®

California was the location of the second identified
outbreak of the US COVID-19 pandemic, following
Washington state. To control the spread of COVID-19,
California introduced strong social distancing and then
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Nonstandard Abbreviations and Acronyms

COVID-19 coronavirus disease 2019

ED emergency department

KPNC Kaiser Permanente Northern California

LTKW last time known well

Lvo large vessel occlusion

NIHSS National Institutes of Health Stroke
Scale

SIP shelter in place

shelter-in-place (SIP) measures early in the pandemic.®
While these measures appear to have helped flatten the
curve of COVID-19 spread,” there is concern that social
isolation and fear of acquiring the infection in a health-
care setting may have led some patients with acute
medical conditions like stroke and myocardial infarction®
to avoid calling emergency medical services or present-
ing to an emergency department (ED).>"'® Given that
there are effective, time-sensitive treatments for acute
stroke, including intravenous thrombolytic and endovas-
cular stroke therapy, both of which improve long-term
outcomes, avoidance of seeking health care for stroke
symptoms may lead to increased disability and death.

Kaiser Permanente Northern California (KPNC) pro-
vides care for one-third of the population. in Northern
California. We sought to determine whether a decrease
in acute stroke presentations occurred during the early
COVID-19 pandemic in Northern  California and to
assess differences in patient characteristics and hospital
outcomes for those who presented for acute stroke eval-
uation during the pandemic compared with those who
presented before the pandemic.

METHODS

Data Source

This study was approved by the KPNC Institutional Review
Board, and informed consent was waived by the Institutional
Review Board. Data from the study are available for sharing
upon reasonable request to the corresponding author. KPNC
provides care at 21 medical centers serving a population of 4.4
million members, who are highly representative of the ethnic
and socioeconomic diversity of the surrounding and statewide
population.' All 21 KPNC hospitals are Joint Commission
Stroke certified—19 as primary stroke centers and 2 as com-
prehensive stroke centers. There are =1.3 million ED visits and
3500 ischemic stroke discharges per year. In 2016, we imple-
mented the KPNC Stroke Expediting the Process of Evaluating
and Stopping Stroke program. The program included immedi-
ate evaluation by a telestroke neurologist via video, expedited
intravenous alteplase treatment, rapid computed tomography
angiographic study, and expedited transfer and treatment for
patients with large vessel occlusion (LVO)."®
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The study population included patients with suspected
acute stroke who presented to KPNC facilities from January
1, 2019 to May 9, 2020. All stroke alerts were evaluated by a
telestroke neurologist, and data were recorded in standardized
stroke assessment, treatment, and clinical notes. For patients
deemed not to be candidates for acute stroke treatment, the
stroke alert was canceled, and the teleneurologist recorded
the initial evaluation and reasons for canceling. The telestroke
neurologist proceeded with full acute stroke workup for all
noncanceled stroke alerts. Clinical and demographic data were
available from electronic medical records.

Exposure

We evaluated trends in stroke alert volume, trends in ischemic
stroke discharge volume, and acute stroke patient characteris-
tics relative to regional and statewide SIP orders for COVID-19.
For stroke alert and discharge volumes, data were available from
January 1, 2019 to May 23, 2020. SIP orders began on March
16, 2020, for the 6 counties in the San Francisco Bay area and
on March 19,2020, for the state of California. For patient-specific
data analysis, we selected the week beginning with March 15,
2020, as a cut point. In addition, mobility data from the Institute
of Health Metrics and Evaluation also supported this selection.'
Stroke alert patients seen from January 1, 2019 to March 14,
2020, were defined as prezSIP and those seen March 15,2020
to May 9, 2020, were irfifj post:SIP cohort. On May 4, 2020,
Governor Newsom announced plans for stage 2 gradual reopen-
ing for the State of California. Stage 2 began on May 8, 2020.
We selected May 9, 2020 (the last day of that week), as the end
of the post=SIP cohort because we were interested in comparing
the patients who were presenting during the SIP order (between
March 15, 2020, and May 9, 2020) to those seen pre-SIP.

Patient Characteristics and Outcomes

We compared the mean weekly number of stroke alerts and
inpatient stroke discharges during the pre- and the post-SIP
periods. To control for potential seasonal trend in stroke occur-
rence and potential temporal change due to annual health plan
membership, we compared stroke alert volumes during the
same months for 2019 versus 2020. All stroke alerts identified
through teleneurology notes were included. Stroke discharges
were defined as hospitalizations with a principal discharge diag-
nosis of ischemic stroke at KPNC facilities. Patient characteris-
tics including age, race/ethnicity, sex, and method of arrival were
collected for all stroke alerts. We included history of atrial fibril-
lation, myocardial infarction, and stroke within the prior b years.
In addition, a longitudinal comorbidity score (Comorbidity Point
Score, version 2),% reflecting inpatient and outpatient diagnoses
captured over the preceding 12 months, was calculated for each
patient. Stroke mimics were defined as patients who had a prin-
cipal discharge diagnosis other than cerebral infarction, nontrau-
matic intracerebral/subarachnoid hemorrhage, transient cerebral
ischemic attack, hemiplegia, hemiparesis, or cerebral ischemia.
For noncanceled stroke alerts, patients underwent a complete
evaluation to confirm eligibility for acute interventions with either
alteplase or endovascular stroke therapy. More detailed informa-
tion was collected including last time known well (LTKW), initial
National Institutes of Health Stroke Scale (NIHSS) score, treat-
ment with alteplase, and presence of LVO. Time to presentation
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was defined as time from LTKW-to-ED-arrival time. Door-to-needle
time was the number of minutes from ED arrival until alteplase
administration. Door-to-needle time was calculated for patients
in the study without application of accepted exclusions from the
American Heart Association Get With The Guidelines. Treatment
time for inpatient stroke alerts was calculated from time of stroke
alert to alteplase administration. Patient outcomes included length
of stay in days, discharge status, and inpatient mortality.

Statistics

To assess for differences between the categorical and continu-
ous variables, Pearson y? tests and Kruskal Wallis tests were
used, respectively. t tests were used to assess differences in
stroke volume for pre- and post-SIP periods. We performed a
multivariate logistic regression to assess whether patients from
the post-SIP period were more or less likely to be discharged
home, adjusted for age, sex, race, Comorbidity Point Score, ver-
sion 2, NIHSS score, and treatment with alteplase, along with
taking into account clustering by facility. All analyses were con-
ducted using SAS software, version 9.4 (SAS Institute, Cary,
NC). With a sample size of 783 in the post-SIP cohort and a
2-sided a-level of 0.05, we had >90% power to detect differ-
ences in proportions of at least 0.11 between cohorts.

RESULTS

Weekly Stroke Alert Volumes and Ischemic
Stroke Discharges

Throughout the study period, 9120 adults received a
stroke alert: 8337 in the pre-SIP and 783 in the post-
SIP period (Table 1). From January to July 2019, weekly
stroke alert volumes ranged from 120 to 160 alerts per
week (Figure 1A). During January 5 to March 14, 2020,
the average stroke alert volume was 136 cases per
week (95% Cl, 125—147). This was like the volume seen
during the same period of 2019 (mean, 131 [95% CI,
126-137]; P=0.4). Overall, weekly stroke alert volume
post-SIP (mean, 98 [95% Cl, 92-104]) decreased sig-
nificantly compared with the entire pre-SIP period (mean,
133 [95% CI, 130—136]; /<0.0001). It was also signifi-
cantly lower than the volume for the preceding months in
2020 before SIF, as well as compared with the volume
during the same period in 2019 (mean, 139 [95% CI,
124-154]; £<0.0001). After May 9, 2020, stroke alert
volumes have returned to typical range for the region.
The weekly ischemic stroke discharge volumes also
decreased post-SIP (Figure 1B) and have increased
after May 9, 2020, but not yet to the typical range. The
percentage decrease in weekly stroke alert volumes var-
ied across Northern California (Figure 2).

Patient Characteristics of Pre- Versus Post-SIP
Cohorts

Patient demographics were similar in pre- and post-SIP
cohorts among all stroke alerts and also noncanceled

Stroke. 2020;51:00-00. DOI: 10.1161/STROKEAHA.120.031099
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Table 1. Patient Characteristics for All Stroke Alerts During
Pre-SIP and Post-SIP Cohorts

Pre-SIP Post-SIP
(n=8337) (n=783) P Value
Age, y; mean (SD) 68.8 (15.78) 69.0 (15.12) 0.85
Age categories, y; n (%) 0.74
<40 396 (4.8%) 35 (4.5%)
40-64 2631 (31.6%) 241 (31.2%)
65-80 2939 (35.3%) 287 (37.2%)
>80 2366 (28.4%) 209 (27.1%)
Sex, n (%) 0.66
Female 4408 (52.9%) 402 (52.1%)
Male 3924 (47.1%) 370 (47.9%)
Race-ethnicity, n (%) 0.90
Asian 1249 (15%) 124 (16.1%)
Black 1141 (13.7%) 105 (13.6%)
Hispanic 1292 (15.5%) 123 (15.9%)
Other 476 (5.7%) 40 (5.2%)
White 4174 (50.1%) | 380 (49.2%)

COPS2, median (Q1-Q3) 26 (13-52) 22 (10-49) <0.001

Medical history, n (%)

Atrial fibrillation 1906 (22.9%) 196 (25%) 0.17

Myocardial infarction Y ;4%55‘{540/0) 56 (7.2%) 0.04

Stroke 967 (11.6%) 84 (10.7%) 0.47
Arrival mode, n (%) <0.001

EMS 5519 (66.6%) 587 (75.3%)

Inpatient 604 (7.3%) 47 (6%)

Walk-in 2154 (26%) 146 (18.7%)

Stroke mimics, n (%) 4316 (51.8%) | 358 (45.7%) 0.001

COPS2 indicates Comorbidity Point Score, version 2; EMS, emergency
medical services; and SIP, shelter in place.

stroke alerts (Tables 1 and 2). There were statisti-
cally lower comorbidity scores in patients presenting
with stroke symptoms post-SIP (Tables 1 and 2). In the
post-SIP cohort among all stroke alerts (Table 1), more
patients arrived at the ED by ambulance, and there were
fewer stroke alert calls from walk-in or inpatient services
(F<0.001). Noncanceled stroke alerts post-SIP had simi-
lar LTKW-to-ED-arrival time as pre-SIP (2 hours post-
SIP and 1.6 hours pre-SIP, P=0.39). Post-SIP patients
had higher NIHSS scores compared with the pre-SIP
cohort (P=0.003). There were less stroke mimics seen
as stroke alerts post-SIP (P=0.001). The percentage of
patients receiving alteplase was not significantly different.
Median door-to-needle time among noncanceled stroke
alerts was unchanged during the study (34 minutes post-
SIP versus 33 minutes pre-SIP, P=0.48). In addition, the
median times from LTKW-to-needle time or alteplase
treatment time were not significantly different between
pre and post cohorts (1.7 hours, P=0.84; Table 2). Post-
SIF, among noncanceled stroke alerts, more patients had
LVO and were referred for endovascular stroke therapy
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Figure 1. Stroke alert volumes and ischemic stroke discharges for 2019 and 2020.

A, Weekly stroke alert volumes throughout the study period. B, Weekly ischemic stroke discharges in 2019 and 2020. On March 4, 2020, the first
coronavirus disease 2019 (COVID-19)-related death was reported in Northern California (NorCal). On March 16, 2020, the Bay Area counties
issued a shelter-in-place (SIP) order. On March 19, 2020, a SIP order was in effect for the state of California (CA). On May 8, 2019, CA moved

into stage 2 of gradual reopening.

(17.6% in post versus 13.4% in pre, P=0.03). Further-
more, patients presenting to the ED after May 9, 2020,
were more similar to those in the pre-SIP cohort (January
1,2019 to March 14, 2020) with regard to having a lower
NIHSS score, higher percentage of stroke mimics, and
fewer LVOs, but they were more similar to the post-SIP
cohort (March 15, 2020 to May 9, 2020) with regard to
arriving more by emergency medical services and having
a lower Comorbidity Point Score, version 2, score (Tables
| and Il in the Data Supplement).

Hospitalization Outcomes

Removing stroke mimics, we examined hospital outcomes
for those who were admitted after stroke alert (Table 3).
Length of stay in hospital was similar between pre- and

4 October 2020

post-SIP cohorts (Table 3). The discharge status was similar
for the pre- and post-SIP (FP=0.44). In an adjusted multivari-
ate model, patients from the post-SIP cohort were less likely
to be discharged home (adjusted odds ratio, 0.67; P=0.04).
There was no difference in inpatient mortality between the
cohorts (F=0.75). In addition, none of the stroke alert patients
had a positive severe acute respiratory syndrome coronavi-
rus 2 test within 28 days of their index hospitalization.

DISCUSSION

It has been reported by mass media®*'~?® and medical
journals®24-28 that since the outbreak of COVID-19, non—
COVID-19-related visits in both the ambulatory and
emergency settings have been dramatically decreased.

Stroke. 2020;51:00-00. DOI: 10.1161/STROKEAHA.120.031099
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% Reduction in Acute Stroke Presentations

I 1 ] 1
0 100 200 300 400
Number of SARS-CoV-2 + Cases

Figure 2. Percentage change in weekly stroke alert volume
from the period of March 15, 2020 to April 18,2020, compared
with pre-shelter-in-place order cohort along with the total
number of severe acute respiratory syndrome coronavirus
2-positive cases admitted during this time for each service
area in Northern California.

Slope, 0.09 (95% Cl, 0.01-0.16); P=0.02 for deviation from zero.
Goodness-of-fit R, 0.36. SARS-CoV-2 indicates severe acute
respiratory coronavirus 2.

Our study revealed that stroke alert volumes and isch-
emic stroke discharges in Northern California started to
decrease in early March 2020 and dropped significantly
after the announcements of SIP orders. The stroke alert
volumes have subsequently returned to the typical range
since May 9, 2020. Post-SIP, telestroke evaluation and
treatment times were similar before and after the pan-
demic. For those who were admitted, there was no differ-
ence in the inpatient mortality rate between the pre- and
post-SIP cohorts or discharge disposition.

Declines in the number of outpatient visits were
observed in all regions of the United States. Visits
declined =60% in mid-March and remained low through
mid-April.?2 While some have reported a delay in pre-
sentation from stroke onset to arrival,'® others have
not found that."”” Our data would suggest that potential
stroke patients were not only missing the stroke alert
window (up to 24 hours after LTKW) but they were not
coming in at all for admission and evaluation, as our
stroke discharge volume has also decreased signifi-
cantly. For those who were still presenting for evaluation,
they did not delay much, as their LTKW-to-ED-arrival
time and thrombolytic time did not change significantly.

A national survey done by the American College of
Emergency Physician reported that 80% of the surveyed
adults said that they were concerned about contracting
COVID-19 from another patient or visitor if they went to the
ED. Twenty-nine percent had actively delayed or avoided
seeking medical care due to concerns about contracting

Stroke. 2020;51:00-00. DOI: 10.1161/STROKEAHA.120.031099
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Table 2. Patient Characteristics for Noncanceled Stroke
Alerts During Pre-SIP and Post-SIP Cohorts

Pre-SIP Post-SIP
(n=3474) (n=363) P Value

Age, y; mean (SD) 69.6 (15.52) 68.9 (14.78) 0.28
Age categories, y; n (%) 0.76

<40 141 (4.1%) 15 (4.2%)

40-64 1033 (29.8%) 113 (31.8%)

65-80 1262 (36.3%) 130 (36.6%)

>80 1036 (29.8%) 97 (27.3%)
Sex, n (%) 0.44

Female 1745 (50.3%) 186 (52.4%)

Male 1727 (49.7%) 169 (47.6%)
Race-ethnicity, n (%) 0.94

Asian 570 (16.4%) 60 (16.9%)

Black 461 (13.3%) 50 (14.1%)

Hispanic 543 (15.6%) 59 (16.6%)

Other 199 (5.7%) 21 (5.9%)

White 1699 (48.9%) | 165 (46.5%)
COPS2, median (Q1-Q3) 29 (16-55) 23 (10-50) <0.001
Medical history, n (%)

Atrial fibrillation 1003 (28.9%) 107 (29.5%) 0.81

Myocardial infarction ) 205, (5.9%) 25 (6.9%) 0.45

Stroke 389 (11.20) | 35(9.6%) | 0.7
Arrival mode, n (%) 0.10

EMS 2555 (74.4%) 285 (79.2%)

Inpatient 275 (8%) 30 (8.3%)

Walk-in 599 (17.4%) 45 (12.5%)
LTKW to ED arrival, h; median 1.6 2 0.39
NIHSS score, median 8 9 0.004
Alteplase given, n (%) 1176 (33.9%) 129 (35.5%) 0.52
LTKW-to-needle time, h; 1.7 1.7 0.79
median
DTN time, min; median 33 32 0.85
LVO referred for EST, n (%) 466 (13.4%) 64 (17.6%) 0.03
Stroke mimics, n (%) 1181 (34%) 112 (30.9%) 0.23

COPS2 indicates Comorbidity Point Score, version 2; DTN, door to needle; ED,
emergency department; EMS, emergency medical services; EST, endovascular
stroke therapy; LTKW, last time known well; LVO, large vessel occlusion; NIHSS,
National Institutes of Health Stroke Scale; and SIP, shelter in place.

COVID-19. When considering a trip to ED, 73% were con-
cerned about overstressing the healthcare system.?®

Our study findings revealed that patients who pre-
sented to our regional telestroke team for acute stroke
evaluation appeared to be those with lower comorbid-
ity scores and higher NIHSS scores. Those with stroke
symptoms and more comorbidities or with minor symp-
toms may have been more fearful to present to the ED.
We also saw fewer stroke mimics presenting to the ED
during the early pandemic. For those who did seek acute
care, our study showed that it was possible to continue
to treat acute strokes expeditiously during the pandemic.
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Table 3. Hospitalization Outcomes for Pre-SIP Compared
With Post-SIP Cohorts Without Stroke Mimics

Pre-SIP Post-SIP
(n=4013) (n=423) P Value
Length of stay, d 3 3 0.40
Discharge status, n (%) 0.46
Home 2227 (55.8%) 245 (58.1%)

660 (16.5%)
910 (22.8%)
89 (2.2%)
165 (4.1%)

56 (13.3%)
103 (24.4%)
10 (2.4%) 0.86
16 (3.8%) 0.74

Long-term care

Short-term care

Hospice care, n (%)

Inpatient mortality, n (%)

SIP indicates shelter in place.

Post-SIPF, door-to-needle time performance remained
excellent as before the pandemic. With the announce-
ment of stage 2 gradual reopening for California, we
observed a significant increase in the stroke alert vol-
ume. This later cohort had milder strokes and more
stroke mimics, but these patients were still more likely to
come in via emergency medical services and had a lower
comorbidity score than those in the pre-SIP cohort.

Examining stroke hospitalizations post-SIF, we did
not find any severe acute respiratory syndrome coronavi-
rus 2—positive cases among these acute stroke patients.
However, there was somewhat limited COVID-19 testing
during the study period due to more stringent criteria and
less availability of testing kits. There was no change in in-
hospital mortality between the pre- and post=SIP cohorts.
It has been reported that COVID-19 is strongly associated
with neurological presentations, including stroke,*® hyper-
coagulable state®' and LVO in the young.*? We observed
a higher percentage of patients in the post-SIP cohort
with LVO and referral for endovascular stroke therapy. Our
study, however, cannot tease out whether the observed
increased rate of LVO in the post-SIP cohort reflected an
actual increase in the incidence of LVO during COVID-19
pandemic or just a relative decrease in non-LVO presenta-
tions. Because of the retrospective nature of the study,
we did not have direct data on stroke patients who were
not presenting to the ED. However, given the consistent
historical data from our telestroke program, we could gain
some understanding of who may be staying home dur-
ing the pandemic by examining the differences in patient
characteristics between the 2 cohorts. In addition, we
did not have data regarding changes in how our emer-
gency medical services partners may have triaged poten-
tial stroke patients during the pandemic and whether this
might explain the observed changes in volume of stroke
presentation during the post-SIP period.

Stroke is the leading cause of long-term disability
worldwide.®® Delay in seeking evaluation and treatment
for acute stroke symptoms may lead to more stroke-
related complications. It was reported that US deaths
soared in the early weeks of the COVID-19 pandemic, far
exceeding the number attributed to COVID-19.2* Some
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metropolitan areas have reported seeing an increase in
mortality rates at home.®® The outcome of patients who
did not seek acute care for stroke symptoms deserves
further investigation.

CONCLUSIONS

We report a significant decrease in stroke alert volumes
and ischemic stroke discharges in Northern California
after middle of March 2020, with a return to normal vol-
umes following the loosening of the initial SIP orders.
The spreading COVID-19 pandemic, its related deaths,
and public announcements of SIP orders may have con-
tributed to these decreases. In addition, patients with
stroke mimics or less severe stroke presentations and
more comorbidities may be avoiding seeking ED evalua-
tion and care. There was no increase in inpatient mortality
for stroke patients who were admitted and treated dur-
ing the pandemic. To reduce future potential complica-
tions from untreated strokes, clearer and more targeted
communications may be needed to advise patients with
stroke symptoms to present for workup and manage-
ment. Further studies are needed to evaluate the poten-
tial unintended conseduenees to patient outcomes and
to healthcare systems'when-patients with acute stroke
avoid seeking emergent care.
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