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Need for Novel Stroke Models of Care During the 
COVID‑19 Pandemic
�e COVID-19 pandemic of 2020 poses an unprec-

edented challenge to health-care systems all across the 

USA and around the world. Supply and equipment short-

ages are already a daunting reality in many hospitals and 

imminent for others. Over the coming months, the pro-

jected intensive care unit (ICU) bed capacity gap in the 

USA ranges from 90,000 to 300,000, depending on infec-

tion rates and the success of social distancing and other 

measures to ‘flatten the curve’ [1, 2]. �is is in excess of 

all available ICU beds, including those typically allocated 

to critically ill patients with stroke and other neurological 

diseases. In addition to material and equipment short-

ages, health-care personnel are becoming increasingly 

stretched as the pandemic continues, with neurology 

providers and nurses being repurposed or re-assigned, 

and others temporarily dropping out of the work-force 

for illness, self-isolation after exposure, or after becoming 

infected themselves.

�e impact on stroke care is potentially catastrophic. 

Discussions and media reports on universal hospital do-

not-resuscitate (DNR) orders for COVID-19 patients and 

the sensibility of a single ventilator simultaneously sup-

porting two patients illustrate the previously unthink-

able despair and dilemma of decision-making clinicians 

now face as a result of COVID-19 [3, 4]. To our knowl-

edge, there are at present no data projecting the impact 

of COVID-19 on neurological ICU-bed and -resource 

shortages, and on stroke care and outcomes. It is very 

apparent, though, that triage systems and care protocols 

will need to adapt as the outbreak continues to disrupt 

our health-care system.

Some US stroke teams, as elsewhere, have adapted by 

responding to stroke codes with full personal protective 

equipment (PPE) and developed protocols for safe intu-

bation of endovascular thrombectomy (EVT) patients 

[5, 6]. Some adaptations are being developed in response 

to urgent needs and without time for proper evaluation. 

In addition to urgently addressing critical shortages and 

safety issues, frameworks are required to allow rapid 

evaluation of the safety and efficacy of these changes and 

of new interventions.

Another emerging concern in low-resource environ-

ments is whether the monitoring intensity of a subpopu-

lation of acute ischemic stroke (AIS) patients undergoing 

treatment with intravenous thrombolysis (IVT) can safely 

be reduced. Safe low-intensity monitoring of some 

post-IVT patients would not only allow for cost-effec-

tive resource utilization, but also free up resources for 

patients with more urgent need for intensive monitoring 

and care, such as critically ill COVID-19 patients. Efforts 

by us and others to promote appropriate resource alloca-

tion for stable post-IVT stroke patients have preceded 

the COVID-19 era [7–9], but have gained additional rel-

evance over the last few months. Herein, we share our 

protocol for a subpopulation of post-IVT patients that 

may be safely monitored in a low-intensity resource envi-

ronment based on preliminary results of the previously 

published proof-of-concept Optimal Post Tpa-Iv Moni-

toring in Ischemic STroke (OPTIMIST) study [7], and 

our upcoming definitive clinical trial and registry funded 

prior to the emergence of COVID-19. We summarize the 

current evidence for our protocol, discuss the protocol in 

detail, and call for participation in a clinical trial, OPTI-

MISTmain, and registry, OPTIMISTregistry.
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Rationale for a New Post‑IVT Monitoring Approach
IVT with tissue plasminogen activator (tPA) represents a 

cornerstone of evidence-based AIS care which improves 

outcomes in carefully selected patients [10]. Sympto-

matic intracerebral hemorrhage (sICH) is the most feared 

complication of this therapy, harboring the risk of early 

neurological deterioration and mortality. �us, clinical 

practice guidelines recommend that post-IVT patients 

are closely monitored over at least 24 h to allow preven-

tion and early detection of sICH, neurological deterio-

ration, and other complications [10]. Post-IVT patients 

are commonly admitted to an ICU depending on insti-

tutional protocols, but regardless of physical patient 

location, current standard monitoring protocol requires 

1:1 or 1:2 nursing in order to provide the recommended 

frequency of vital sign checks and neurological assess-

ments: every 15 min for the first 2 h, then every 30 min 

for the next 6 h, and thereafter every hour up to the 24 h 

mark [11]. �is monitoring schedule was derived from 

the pivotal National Institute of Neurological Diseases 

and Stroke (NINDS) stroke trial [12, 13], developed in the 

context of the initial cautious evaluation of IVT for acute 

stroke in the early 1990s. It has since been adopted into 

clinical practice by consensus and convention and has 

hitherto remained largely unchallenged. Yet, it is unclear 

whether this standard of highly intensive nursing moni-

toring should continue to be routinely applied to stable 

post-IVT patients with mild neurological deficits, who 

have no critical care needs and are otherwise deemed low 

risk for complications.

Over the two decades since regulatory approval of 

tPA, clinical experience, registries, and further tri-

als have established IVT as a relatively safe treatment 

modality in AIS. Indeed, real-world sICH rates of 2–7% 

are generally reported, and only a relatively small frac-

tion of patients experience additional early neurological 

deterioration [14–16]. Stroke severity, measured on the 

National Institutes of Health Stroke Scale (NIHSS), is 

one of the strongest predictors of sICH and subsequent 

need for critical care of post-IVT patients. In a pooled 

analysis of patients from multiple IVT trials, the abso-

lute risk of fatal type 2 parenchymal ICH [17] related to 

IVT increased from 1.6% with a baseline NIHSS score of 

5 to 10, to 6.8% with an NIHSS score > 21 [18]. Similarly, 

post-IVT patients with an NIHSS score ≥ 10 have almost 

8 times higher odds of requiring critical care interven-

tions compared to patients with a NIHSS < 10 [8, 19]. In 

addition, timing matters: most sICH occurs in the first 

few hours after IVT [20], and regardless of this risk, 

most post-IVT patients who need critical care (i.e., due 

to malignant hypertension, difficulty in protecting their 

airway, etc.) during the first 24 h generally declare them-

selves by the end of the tPA infusion [8]. Among patients 

with mild–moderate neurological deficit (NIHSS < 10) 

who do not require critical care after the tPA infusion is 

completed, less than 1% subsequently require ICU care. 

All these data suggest that post-IVT care does not have 

to be a ‘one-size-fits-all’ approach and that NIHSS com-

bined with time can identify a subpopulation of post-IVT 

patients with low risk of complications.

A Low‑Intensity Post‑IVT Monitoring Protocol
In order to de-escalate the monitoring intensity of low-

risk post-IVT AIS patients, we developed a low-intensity 

post-IVT monitoring protocol for patients who presented 

with NIHSS scores < 10 and had no critical care needs at 

the end of the tPA infusion. �e protocol is identical to 

the current standard in the first two hours after admin-

istration of the tPA bolus, that is, vital sign checks and 

neurological assessments every 15  min for the first 2  h. 

�ereafter, patients can be transferred to a non-critical 

care environment, such as a telemetry-monitored acute 

stroke unit or comparable destination unit capable of 

caring for stroke patients. Monitoring under the low-

intensity protocol commences after the first 2  h and is 

provided regardless of physical patient location. �e pro-

tocol is comprised of vital sign checks and neurological 

assessment on admission (arrival) to the destination unit, 

then 1 h after admission, then every 2 h for another 8 h, 

followed by vital sign checks and neurological assess-

ments every 4 h until 24-h post-IVT period is complete.

�e safety of this low-intensity monitoring proto-

col was evaluated prospectively in the Optimal Post 

Tpa-Iv Monitoring in Ischemic STroke (OPTIMIST; 

NCT02039375) study, a single-center, open-label, sin-

gle-arm study at Johns Hopkins Hospital [7]. In OPTI-

MIST, we included 35 AIS patients who received IVT 

under standard guideline-recommended criteria, if they 

had an NIHSS < 10 and did not have a clinical need for 

ICU care at the end of the tPA infusion. Patients were 

monitored via our low-intensity protocol in a telemetry 

stroke unit without critical or intermediate care capabili-

ties with a nurse-to-patient ratio of 1:3. �ere were no 

serious adverse events, no patients that required critical 

care, and the median 90-day NIHSS and modified Rankin 

Scale scores (mRS) were 0. However, generalizability 

must be cautioned given the small sample size.

�e proportion of patients potentially eligible to be 

monitored under this protocol, and thus freeing up 

resources and ICU beds, is substantial considering that 

approximately 40% of all AIS patients receiving IVT 

patients present with NIHSS < 10 [21].
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The OPTIMISTmain Study
�e OPTIMISTmain study was conceived as an inter-

national, multicenter, pragmatic, prospective, stepped-

wedge cluster randomized controlled trial with blinded 

outcome assessment (NCT03734640). �e objectives are 

to reliably determine whether low-intensity post-IVT 

monitoring is clinically non-inferior and economically 

beneficial, relative to standard of care monitoring. �e 

stepped-wedge cluster randomized design was chosen 

to avoid contamination of the randomized intervention 

across patients, and to facilitate hospital-wide imple-

mentation and adherence to protocol procedures. Sites 

(hospitals) with an established acute stroke program, a 

geographically defined area dedicated to stroke care such 

as an acute stroke unit, and the ability to implement the 

low-intensity monitoring protocol are eligible for partici-

pation. All sites will be randomly allocated to one of three 

groups to recruit groups of patients, moving from control 

to intervention of the low-intensity monitoring proto-

col as part of routine clinical practice (see Supplemental 

File).

Adult post-IVT patients are eligible for enrollment if 

they have a mild neurological deficit (NIHSS < 10), sta-

ble vital signs, and do not require ongoing critical care 

at 2 h after initiation of IVT, as assessed by the treating 

clinician investigator. In addition to excluding patients 

with critical care needs, those perceived to be at high-

risk of further neurological or medical deterioration are 

to be excluded. Patients who receive EVT after IVT may 

be included provided they otherwise fulfill the inclusion 

criteria. Patients who do not meet inclusion criteria are 

monitored as per the current standard. �e low-intensity 

monitoring protocol in OPTIMISTmain is identical to 

that of the original OPTIMIST protocol, but without the 

need for vital sign check and neurological assessment at 

the 3-h mark; this is to streamline protocol implementa-

tion. In OPTIMISTmain, the low-intensity monitoring 

protocol diverges from the standard monitoring pro-

tocol at 1 h after IVT completion (2 h after IVT bolus) 

and includes vital sign checks and neurological assess-

ments every 2  h for 8  h, followed by vital sign checks 

and neurological assessments every 4 h until completion 

of the 24-h post-IVT period (Fig.  1). Figure  2 depicts 

the OPTIMISTmain monitoring protocol for bedside 

implementation. �e primary outcome is an ordinal 

shift in functional recovery according to the mRS scores 

at 90  days. Secondary outcomes include sICH, NIHSS 

at Day 7, length of hospital stay, and health economic 

indicators. �e OPTIMISTmain protocol synopsis is 

attached as a supplement. OPTIMISTmain involves a 

staged roll-out with a start-up phase including 20 sites in 

the USA; an additional 100 sites outside the USA, includ-

ing sites in Australia, South America, and the UK, are 

intended to follow shortly after the US roll-out. �e US 

portion of the trial is funded by Genentech.

A Revised Protocol for the COVID‑19 Era
Due to the aforementioned challenges imposed by 

COVID-19, stroke care will undergo substantial 

changes in the months ahead, and likely beyond, as all 

aspects of society are disrupted. Any changes to health 

systems should be based on evidence, but the reality 

of the current public health catastrophe imposed by 

COVID-19 is that many changes in stroke care will be 

born out of necessity rather than high-level evidence. 

�erefore, we have refocused the OPTIMISTmain trial 

Fig. 1 Frequency of vital sign checks and neurological assessments in OPTIMISTmain. Adapted from Faigle et al. [7], with permission of SAGE Publi-

cations, Ltd. IVT: intravenous thrombolysis
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to offer a solution to the urgent need for pragmatic 

approaches to resource utilization, while also taking 

an opportunity to generate evidence on the impact of 

COVID-19 and changes to health services. We aim to 

expedite roll-out of the study according to stepped-

wedge cluster randomized trial design but allowing 

flexibility of participating sites in switching early to the 

low-intensity monitoring protocol prior to the assigned 

time epoch if required by real-world demands.

An Alternate Option: OPTIMISTregistry
Additionally, we will implement a registry, OPTIMIS-

Tregistry, open to all interested sites that may not be 

able to participate in OPTIMISTmain, but wish to use 

Fig. 2 Patient eligibility criteria, safety procedures, and the low-intensity monitoring protocol in OPTIMISTmain. AIS acute ischemic stroke, Bipap 

bilevel positive airway pressure, BP blood pressure, DBP diastolic blood pressure, HR heart rate, ICU intensive care unit, IVT intravenous thrombolysis, 

LOC level of consciousness, NIHSS National Institutes of Health Stroke Scale, SBP systolic blood pressure
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the OPTIMIST protocol to save critical resources. Reg-

istry participation offers the same benefits as clinical trial 

participation, including access to training and consulting 

for proper implementation, case report forms, consent 

templates, and support. Data collection can be addressed 

after the COVID crisis, if research personnel are not 

available and draw from a site’s pre-existing Get With 

�e Guidelines-Stroke registry.

A Call to Action
We encourage all interested sites to join the trial or the 

registry, with the goal of generating the necessary evi-

dence to establish low-intensity post-IVT monitoring as 

an enduring standard of care, while addressing the cur-

rent crisis in health-care resources.
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