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Background and purpose: The COVID-19 pandemic has required the adaptation of
hyperacute stroke care (including stroke code pathways) and hospital stroke man-
agement. There remains a need to provide rapid and comprehensive assessment to
acute stroke patients while reducing the risk of COVID-19 exposure, protecting
healthcare providers, and preserving personal protective equipment (PPE) supplies.
While the COVID infection is typically not a primary cerebrovascular condition, the
downstream effects of this pandemic force adjustments to stroke care pathways to
maintain optimal stroke patient outcomes. Methods: The University of California
San Diego (UCSD) Health System encompasses two academic, Comprehensive
Stroke Centers (CSCs). The UCSD Stroke Center reviewed the national COVID-19
crisis and implications on stroke care. All current resources for stroke care were
identified and adapted to include COVID-19 screening. The adjusted model focused
on comprehensive and rapid acute stroke treatment, reduction of exposure to the
healthcare team, and preservation of PPE. Aims: The adjusted pathways implement
telestroke assessments as a specific option for all inpatient and outpatient encoun-
ters and accounts for when telemedicine systems are not available or functional.
COVID screening is done on all stroke patients. We outline a model of hyperacute
stroke evaluation in an adapted stroke code protocol and novel methods of stroke
patient management. Conclusions: The overall goal of the model is to preserve
patient access and outcomes while decreasing potential COVID-19 exposure to
patients and healthcare providers. This model also serves to reduce the use of vital
PPE. It is critical that stroke providers share best practices via academic and vetted
social media platforms for rapid dissemination of tools and care models during the
COVID-19 crisis.
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Introduction

During the current COVID-19 crisis, it is essential to
adapt acute stroke care protocols to provide optimal care
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while protecting healthcare team members and patients.1

This extends from the stroke code initiation throughout
the inpatient setting. The conventional stroke code pro-
cess focuses on rapid stroke team mobilization.2
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Standardized pathways for the use of healthcare resour-
ces, including personnel and personal protective equip-
ment (PPE), are necessary to prevent depletion of assets
and worsening of the crisis. This has also been seen in set-
tings such as STEMI care in areas that have been affected
by COVID-19 for longer periods of time.3 The American
Stroke Association has provided emergency guidance for
overall hyperacute treatment of stroke during this crisis
and individual institutions must devise emergency care
pathways that provide systematic guidance to all mem-
bers of the stroke team.4 The purpose of this manuscript is
to outline a stroke code and stroke care model developed
by the University of California San Diego (UCSD) Stroke
Center during the 2020 COVID-19 crisis to protect health-
care providers, preserve limited PPE, and provide rapid,
comprehensive stroke care.
Methods

The UCSD Stroke Center reviewed aggregate and pro-
jected COVID-19 cases on March 12, 2020 from the Centers
for Disease Control (CDC).5 All resources in our two aca-
demic, certified Comprehensive Stroke Centers (CSC) were
assessed. Stroke Code, Acute Telestroke Transfer, Inpatient
Stroke Rounding, use of Electronic Medical Record (EMR),
and telehealth practices were evaluated for the ability to
reduce exposure and transmission risk with the anticipa-
tion of the COVID-19 pandemic. Institutional Review
Board approval was not required for this model develop-
ment. Rapid, widely-available testing for COVID-19 was
not in place at the time of protocol development.
The UCSD Stroke Center has provided telestroke serv-

ices in a hub and spoke model for over 15 years. However,
the traditional in-person model of response to stroke code
activation has previously and preferentially been utilized
in our academic CSCs. The field of telemedicine has
evolved rapidly since the COVID-19 pandemic. We are
considering every aspect of patient care to reduce transmis-
sion and preserve PPE. Within one week of the declared
crisis at UCSD, we deployed the use of internal telestroke
evaluations in our CSCs. UCSD Information Services con-
figured and deployed telemedicine carts (camera, monitor,
microphone, speaker, and video codec or computer on a
moveable system). Emergency Department (ED) Nurses
and staff were educated about the telemedicine system and
instructed on the COVID-19 adapted stroke code model
(Fig. 1) via centralized education by the ED nurse manage-
ment team. Continued education was done with each
stroke code activation. Each case is directed by a Stroke
Provider, First Responder with Vascular Neurology faculty
supervision (see role below). Our long-standing telemedi-
cine program and expertise allowed for rapid deployment
of this modality in our CSC. Hyperacute telestroke evalua-
tions reduce exposure for clinicians and preserve the scarce
supply of PPE.
Aims

Stroke code protocol during COVID-19 crisis

Stroke codes continue to follow current UCSD Medical
Center Policy (MCP) (Fig. 2). The adapted UCSD stroke
code model (Fig. 1) provides for telestroke or in-person
assessment if telestroke systems are not available for any
reason (e.g. power outage, internet access outage, tele-
stroke software failure, etc.). The use of telestroke allows
for rapid, accurate assessment while reducing potential
exposure preserving PPE. Adapted in-person response to
stroke code activation is included in the model for systems
without access to telemedicine or for technical failures. For
either pathway, one Provider from the UCSD Stroke Team
is designated as the Stroke Provider First Responder
(SPFR). This is designated in rotation between Faculty Pro-
viders, Advanced Practice Providers (APP), Residents, and
Vascular Neurology Fellows. Current policy restricts medi-
cal/nursing students from patient contact.
Upon stroke code activation, the SPFR either accesses

the telemedicine system and begins the consultation or
contacts the bedside provider (inpatient team or Emer-
gency Medicine) via phone if the telemedicine system is
not immediately available. The SPFR obtains stroke symp-
toms, last seen well time, anticoagulation use, blood glu-
cose, and pertinent co-morbidities. In parallel, other team
members obtain data from EHR (electronic health record)
and other remotely accessible resources.
Beginning March 20, 2020, all patients are screened for

COVID-19 based on the CDC recommendations (Fig. 1). If
there is a “yes” answer to any screening question, all
stroke code team members are notified that the patient is
COVID-19 screen positive per the stroke code paging sys-
tem. PPE per guidelines (Fig. 2) is used prior to any con-
tact with the patient and is based on aerosolization risk.
For in-person management, the SPFR maintains a six foot
distance from the patient except for necessary physical
examination for acute stroke such as grip strength or sen-
sation exam. A National Institutes of Health Stroke Scale
(NIHSS) and stroke-specific physical exam is performed,
as much of this exam can be reliably done from a distance.
The patient is taken for brain imaging by the SPFR and
bedside nurse in appropriate PPE. CT or MRI technicians
are alerted as to the COVID- 19 status of the patient so
that they may use appropriate PPE per CDC guidelines
and implement the appropriate decontamination proto-
cols once the patient leaves the scanner. The imaging
machines, beds, and any other equipment used are cur-
rently cleaned after each patient use with disinfecting
bleach wipes. After imaging, the patient returns to where
the stroke code originated. The SPFR concurrently makes
the treatment decision and proceeds per American Stroke
Association and internal hospital guidelines.6 In throm-
bolysis cases, the Pharmacist prepares the bolus and infu-
sion, places the medications no less than six feet away
from the patient and has no physical contact with the



Fig. 1. The adapted COVID-19 UCSD stroke code protocol focuses on the rapid assessment of stroke code patients that may be eligible for thrombolysis and/or
endovascular treatment. The use of PPE is reduced by either telestroke consultation or reduced personnel required to be physically in-room.
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Fig. 2. The stroke code protocol per University of California San Diego Medical Center Policy to optimize stroke treatment and outcomes.
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SPFR, patient, or stroke code Nurse. In endovascular
treatment, the Endovascular team is informed of COVID-
19 status via the stroke code paging system and PPE is
used per guidelines (Fig. 2).
If all answers are “no” to the COVID-19 screen, stroke

code team members are notified of a screen negative
patient. Appropriate guidelines are followed related to
specific patient presentation and standard precautions.
Any medications required are handled in the manner
described above to avoid potential exposure.
Any patient who cannot undergo screening (no ability to

access past medical history) is treated as screen positive.7

The team assigns the SPFR in rotation with special
attention for team member well-being to avoid burnout
and increased risk exposure of team members. Following
each stroke code, we schedule a virtual debriefing that
includes house staff, the research team, and others train-
ees. Team members are physically separated during these
debriefings to avoid exposure within the team. These
meetings serve to overcome social isolation and provide
teaching and quality control opportunities.
The discussion of tenecteplase (TNK) use has come to

the forefront given the decreased time burden in adminis-
tering TNK compared to Alteplase for acute ischemic
stroke. In cases of thrombolysis, the UCSD Stroke Center
has continued to provide Alteplase� for acute stroke treat-
ment within 4.5 h of LKW.6,8 The 2019 Update to the
Guidelines for Acute Stroke Management include recom-
mendations for the use of TNK in certain conditions. A
single bolus of TNK (0.25 mg/kg IV maximum dose
25 mg) may be reasonable in patients within 4.5 h of onset
or LKW, no contraindications to IV fibrinolysis, and ante-
rior circulation large vessel or basilar artery occlusion9

(Class Of Recommendation IIb, Level of Evidence B-R).
TNK as a 0.4 mg/kg single bolus has some guideline sup-
port in minor neurologic impairment with no large vessel
occlusion (LVO)6 (Class Of Recommendation IIb, Level of
Evidence B-R). The frequency of neurologic and vital
signs checks post-TNK are the same as post rt-PA treat-
ment and therefore do not reduce the burden on nursing
staff.9 Given the class of recommendation and level of evi-
dence, the UCSD Stroke Center has maintained Alteplase
as the standard of care for acute stroke treatment at this
time. It is important that centers that choose TNK monitor
patient outcomes during this time to provide more evi-
dence for this therapy.
In cases of endovascular treatment, the ET team is pre-

notified via the stroke paging system for all acute stroke
codes and is additionally notified by the SPFR when
symptoms are consistent with LVO. This allows time for
the ET team to don appropriate PPE while the patient is
being transported to the interventional suite. The SPFR
will notify the ET team of the COVID screen results. After
the procedure, the suite requires disinfecting via Environ-
mental Health Services for a duration of »30 min. This
process is done per institutional guidelines. UC San Diego
has four total dedicated bi-plane neuro-interventional
suites and access to over 10 single plane suites. This
allows for flexibility of procedure location during the
times of suite cleaning. In the event that all suites are
unavailable for >30 min, the patient would be transferred
to the nearest CSC with interventional capabilities
(approx. 5 min from each center). The engagement of
regional Primary and Comprehensive Stroke Center
Directors, Stroke Coordinators, and Pre-hospital officials
is vital to ensure that transfers are rapid during this pan-
demic. A plan should be devised in each region to expe-
dite stroke transfers among institutions.

Spoke hospital telehealth stroke codes resulting in transfer
to the CSC during COVID-19 crisis

Tele-stroke cases identified as having 1) large vessel
occlusion and favorable profile or 2) requiring increased
level of care are transferred via the Brain Emergency Man-
agement Initiative (BEMI) rapid transfer protocol.10 All
transfer patients are considered COVID-19 screen positive
to maximize safety and reduce the risk of transmission to
the multiple parties involved in patient transfers. Patients
with COVID-19 infection, persons under investigation
(PUI), and screen positive patients are cohorted into des-
ignated Intensive Care Units that require coordination
with the Administrator on call and specific Provider
teams at the time of acceptance for transfer. The ET team
is notified via the stroke paging system of the presumed
COVID+ transfer patient and follows Fig. 2 for appropri-
ate PPE. It is the goal that PPE is donned prior to arrival
of the transfer patient to preserve door to groin puncture
times to optimize outcomes.

In-patient stroke rounding during COVID-19 crisis

Daily inpatient stroke rounds on hospitalized stroke
patients have been completely converted to virtual rounds.
Providers interact via enterprise approved HIPAA compli-
ant telemedicine software to review all patient care data,
develop a plan of care, and provide vascular neurology
teaching. The patient chart is thoroughly reviewed for all
new documentation, diagnostic results, The Joint Commis-
sion (TJC) quality STK- and CSTK- measure compliance,11

and risk factor assessment. Stroke team Providers are in
physically separate locations with quick access to patient
care areas. The virtual rounds are designed to reduce phys-
ical proximity and potential infection among providers,
while allowing the dedicated stroke team to support the
stroke service throughout this lengthy crisis.
After virtual rounds, one designated team member

either virtually assess the patient via the dedicated bed-
side telemedicine software enabled iPAD or physically
assesses the patient as necessary. During any physical
assessment, the Provider maintains a six-foot distance
from the patient when possible and works alone. During
telestroke assessments, trainees and other providers can



6 D. MEYER ET AL.
participate via multiparty telemedicine solution to aug-
ment learning. PPE is utilized according to institutional
guidance if physical assessment is required. An N95
mask, full gown, and gloves are used when physically
assessing a COVID+/PUI. A surgical mask and gloves
are used in screen negative patients. Following physical
rounds, the stroke team meets virtually again to share
findings. Multi-disciplinary rounds with Case Manage-
ment, Rehabilitation Services, and Social Work are con-
ducted virtually as well.

Use of the hospital-based devices during stroke codes and
in-patient stroke rounding during COVID-19 crisis

COVID-19 is known to have a high rate of fomite trans-
mission.12 Providers are encouraged to avoid the use of
hospital-based phones and computers unless properly
cleaned. The UCSD stroke team recommends that per-
sonal devices enabled with dual authentication applica-
tions be utilized for phone calls, texting/paging, and EHR
documentation. Personal devices should be cleaned often
in the hospital and upon leaving. One exception is the use
of the in-room, bedside computer to access the EHR dur-
ing the stroke code. This should be accessed by the desig-
nated first responder Stroke Provider when donned with
the appropriate PPE and cleaned per hospital policy.

Inpatient stroke workup precautions during COVID-19
crisis

The standard UCSD stroke workup protocol has not
required an adaptation during the COVID-19 crisis. The
standard workup of stroke patients continues to include
guideline-based risk factor assessment and modification,
echocardiogram, and CT and vessel imaging.13 A magnetic
resonance image (MRI) is only obtained if it would change
the treatment recommendations. This has allowed for us to
reduce the risk of transmission to imaging and transport
personnel. Phlebotomists, echocardiogram technicians, and
imaging technicians are recommended to don PPE based
on the COVID+/PUI status and risk of aerosolization and
proximity to the patient during the evaluation even if they
have a COVID- screen. The ongoing assessment and treat-
ment of patients by physical, occupational, and speech
therapy is vital to the optimization of patient outcomes.
For COVID screen negative patients, therapists don a sur-
gical mask, eye protection, gown, and gloves. For COVID
positive or PUI patients, therapists don an N95 mask, eye
protection, gown, and gloves. This slightly modified PPE
guideline is due to the close proximity of therapists to the
patient during the evaluation and treatment.

Discussion

The American Heart Association/ American Stroke Asso-
ciation Stroke Leadership Council provided temporary
emergency guidelines for the treatment of stroke during this
crisis. These guidelines include general recommendations
for stroke care during the COVID-19 crisis.4 We aim to pro-
vide a detailed model for stroke care with respect to stroke
codes and in-hospital stroke management to offer stroke
Providers, Coordinators, and Administrators a means for
rapid implementation within their institutions. We adjusted
our stroke algorithms to address the COVID-19 pandemic
with the aims of maintaining excellence in patient care and
preserving the healthcare workforce. Adapting to the cur-
rent crisis requires a transparent and dynamic process. This
adapted stroke code model maintains the rapid care
required in acute stroke to reduce treatment delays.
UCSD tracks and monitors all time metrics for stroke

code processes for both internal tracking and quality out-
comes measures, and for TJC reporting purposes. The
UCSD Stroke Team is monitoring all TJC stroke code time
metrics on every stroke code activation during this crisis.
We are ensuring that there are no significant delays in
time to treatment that could adversely affect patient out-
come by including COVID-19 screening. The median
door to needle time (DTN) at UCSD through December
2019 was 37 minutes and Door to groin puncture (DTG)
was 36 minutes in telestroke transfers and 82 minutes in
hospital arrivals. We have treated three patients with rt-
PA since we implemented the adapted COVID-19 stroke
code model. These cases had DTN times of 26 (EMS
arrival), 38 (EMS arrival), and 59 (private car arrival)
minutes. For the 59 minute DTN, the documented delay
involved managing nausea/vomiting in CT scanner and a
comprehensive discussion with the patient and family
due to thrombocytopenia. One patient was treated with
endovascular therapy in the 6-24 hour window with a
DTG time of 24 minutes. The patient was transferred from
an outside hospital after telestroke evaluation and the ET
was pre-notified of the arrival. All team members donned
PPE prior to the patient arrival. All four treated patients
were initially screened as COVID-19 negative and did not
subsequently become positive or display symptoms. Time
metrics are being closely monitored in ambulance, private
car/walk-up, and transfer patients. All treatment cases
are reviewed at the weekly clinical team meeting to iden-
tify areas of improvement and analyze any delays in treat-
ment. We will closely monitor quality and outcomes data
and rapidly adapt our model to address any variances.
Appropriate use of PPE is critical in this time of dis-

rupted supply chains and high risk. PPE should be used
in accordance with evidence-based institutional policy.
In screen negative patients, international PPE recom-
mendations include surgical mask, gloves, and proper
hand hygiene with soap and water prior to and after
patient interaction. This has been shown in both Hong
Kong and Singapore healthcare facilities to effectively
reduce spread of COVID-19 among healthcare work-
ers.14 The use of an N95 mask is recommended during
procedures that involve potential aerosolization of
respiratory secretions.
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Telehealth can provide a long-term solution not only for
COVID-19 but other disaster situations. While these sys-
tems are being up-scaled, physical evaluation of patients is
necessary. Not all institutions will have access to immedi-
ate telemedicine solutions in the midst of this pandemic.
The need to equip all healthcare institutions with some
form of access to remote, robust, and compliant telehealth
patient evaluation has been highlighted in this pandemic.
Health systems and Providers must also evolve in the use
of telemedicine. The reduction of barriers from federal
agencies has allowed for rapid evolution of the uses of tele-
medicine in all aspects of healthcare. Providers require
organized, but rapid, training in the practical use of tele-
medicine in patient evaluation. The UCSD Telemedicine
Department and Chief Information Officers were integral
to training over 1,000 Providers in a 7 day period on work-
flows and techniques of telemedicine. The UCSD system
has provided tip sheets, frequently asked questions, and
workflows on the institutional intranet and have also col-
laborated throughout the University of California system
to rapidly transition to high quality, virtual care.
Reducing the respondents to stroke code has still

unknown consequences to patient care, clinical research
and clinical teaching. We have increased the use of EHRs,
virtual meetings and telemedicine. We aim to expand the
interface of research and clinical teams that, in the past
often met separately, into one virtual group on daily
rounds. This crisis has given us a unique opportunity to
innovate. We must be mindful of downstream effects and
remain willing to change, not only as a response to this
crisis, but also to preserve our underlying core missions.
Conclusion

We share the present stroke care model protocol to help
other stroke Providers navigate the current acute stroke
care landscape. The model presented here is evolving on a
daily basis based on the developing knowledge within
the healthcare system and society about COVID-19. It is
our hope that this model encourages the academic
exchange of evidence- based practices to continue to pro-
vide optimal care to acute stroke patients while protecting
the health and safety of the entire healthcare community.
Some of the changes that we currently experience, the

increase use of telemedicine, and virtual rounds may play
a much larger role in healthcare after COVID-19. This cri-
sis has given us a unique opportunity to innovate. We
must be mindful of downstream effects and remain will-
ing to change, not only as a response to this crisis, but also
to preserve our underlying core missions: to treat and pre-
vent disease, to teach medicine and to discover new cures.
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