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Abstract 

Despite years of basic research and pioneering clinical work, ischemic stroke remains a major 

public health concern. Prior STAIR conferences identified both failures of clinical trial design and 

failures in preclinical assessment in developing putative ischemic stroke treatments. At STAIR 

XI, participants in Workshop #1 “Top Priorities for Neuroprotection” sought to redefine the 

“neuroprotection paradigm” and given the paucity of evidence underlying preclinical 

assessment, offer consensus-based recommendations.  STAIR proposes the term “brain 

cytoprotection” or “cerebroprotection” to replace the term ‘neuroprotection’ when the intention of 

an investigation is to demonstrate that a new, candidate treatment benefits the entire brain. 

Although “time is still brain,”  tissue imaging techniques have been developed to identify patients 

with both predicted core injury and penumbral, salvageable brain tissue, regardless of time after 

stroke symptom onset. STAIR XI workshop participants called this imaging approach a ‘tissue 

window’ to select patients for recanalization. Elements of the neurovascular unit show 

differential vulnerability evolving over differing time scales in different brain regions. STAIR 

proposes the term “target window”,  to suggest therapies that target the different elements of the 

NVU at different times. Based on contemporary principles of rigor and transparency, the 

workshop updated, revised and enhanced the STAIR preclinical recommendations for 

developing new treatments in two phases: an exploratory ‘qualification phase’ and a definitive 

‘validation phase’. For new, putative treatments, investigators should carefully characterize the 

mechanism of action, the pharmacokinetics/pharmacodynamics, demonstrate target 

engagement, and confirm penetration through the blood brain barrier. Prior to clinical trials, 

testing of candidate molecules in stroke models could proceed in a comprehensive manner 

using animals of both sexes and to include significant variables such as age and comorbid 
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conditions. Comprehensive preclinical assessment might include multi-center, collaborative 

testing, e.g., network trials. In the absence of a proven cerebroprotective agent to use as a ‘gold 

standard’ however, it remains speculative whether such comprehensive preclinical assessment 

can effectively predict clinical outcome.  

 

 

  



For S
tro

ke
 P

ee
r R

ev
iew

. D
o n

ot d
ist

rib
ute

. D
es

tro
y

    
    

    
    

    
    

    
    

   a
fte

r u
se

.

pg. 3 

 

 

Non-standard Abbreviations and Acronyms 

APC: activated protein C 

BBB: blood brain barrier 

ECASS: European Cooperative Acute Stroke Study 

GABA: gamma aminobutyric acid 

LDF: laser Doppler flowmetry 

MCAo: middle cerebral artery occlusion 

MT: mechanical thrombectomy 

NINDS: National Institute of Neurological Disorders and Stroke 

NVU: neurovascular unit 

OGD: oxygen-glucose deprivation 

PAR: protease activated receptor 

PSD: post-synaptic density 

SPAN: Stroke Preclinical Assessment Network 

STAIR: Stroke Treatment Academic Industry Roundtable 

TH: therapeutic hypothermia 
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Introduction 

Despite years of basic research and pioneering clinical work, ischemic stroke remains a major 

public health concern. Basic and clinical research has produced rational approaches for 

neuronal protection1, acute reperfusion therapies2, 3, various devices for mechanical 

revascularization3, and strategies for regeneration of brain tissue damaged by ischemia4, 5. All 

these innovations were based on widely accepted scientific principles and data from preclinical 

studies, yet no previous candidate neuroprotective therapy has successfully entered clinical 

practice. The reasons for this clinical-translational failure remain uncertain, but prior STAIR 

conferences identified failures of clinical trial design, as well as failures in the preclinical 

assessment approaches. At STAIR XI, participants in Workshop #1 “Top Priorities for 

Neuroprotection” sought to redefine the “neuroprotection paradigm”. Participants aimed to 

revise the STAIR recommendations for preclinical assessment in light of new information about 

differential vulnerability in the neurovascular unit and its dynamic time course, the emergence of 

new, pleiotropic agents to protect brain, and renewed commitment to scientific rigor. 

 

In most prior efforts to develop stroke therapy, an emphasis was placed on testing single-action, 

single-target agents. This approach ignored the fact that ischemia produces a plethora of 

pathologic pathways proceeding both in series and in parallel.6 Workshop participants propose 

that a  multiple-action, multiple-target approach for ischemic stroke could have a higher 

likelihood of success in stroke patients. Future ischemic stroke treatment might target the 

neurovascular unit using pleiotropic agents acting at multiple points in the ischemic cascade and 

at different times. For example, the novel drug, 3K3A-APC, acts on the protease activated 

receptor 1 (PAR-1) found on endothelial cells, astrocytes, pericytes, and neurons, allowing a 

treatment strategy that targets the entire neurovascular unit7. Alternatively, an agent might be 

developed to act on a key single target that serves as a hub for multiple cytodestructive 
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downstream signaling pathways. NA-1, by acting specifically on the PSD-95 protein, disrupts 

glutamate receptor interactions with multiple effector molecules potentially reducing ischemic 

cell injury via several downstream mechanisms8, 9. Both of these drugs are in clinical 

development to determine if significant benefit accrues with their use10, 11.  

 

Despite advances in revascularization therapies, there remains a large unmet need in ischemic 

stroke treatment: not all patients treated with thrombolysis or mechanical thrombectomy (MT) 

recover full or substantial function. Also, the risk of hemorrhage after recanalization therapies—

although uncommon—dissuades some practitioners from using them12. Thus, adjuvant 

treatments are needed to complement recanalization therapies. In past stroke treatment trials, 

conducted prior to the advent of MT as a treatment option, it is likely that many patients failed to 

reperfuse; the candidate adjuvant treatments were tested in the more challenging setting of 

permanent rather than transient brain ischemia, and thus failed to show benefit in clinical trials. 

In modern clinical stroke trial design, candidate adjuvant therapy can be studied in concert with 

recanalization. In patients with large vessel occlusion, more than 80% treated with MT do 

substantially recanalize, although downstream reperfusion may be less than complete13. Thus, 

modern clinical trials using thrombolysis for all indicated patients and MT for large vessel 

occlusion  patients ought to have a much greater probability that the candidate drug will 

succeed. Bridging agents—given to slow ischemic injury progression and increase volume of 

salvageable tissue at the time of definitive recanalization—might now demonstrate benefit. 

Studies of agents intended to prevent post-reperfusion injury will now have many more eligible 

patients for testing.  

 

Once an adjuvant treatment shows benefit in combination with recanalization, then, subsequent 

additional trials could assess for benefit in patients who are ineligible for recanalization 
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therapies. Although there is a tremendous need for treatment targeting patients ineligible for 

recanalization therapies, workshop participants concluded that for the time being clinical trials 

should target patients undergoing recanalization to optimize the chance of demonstrating a 

beneficial effect.  

 

After presentations on the above topics, workshop participants developed the following 

recommendations.  

Changing the paradigm: nomenclature. 

For decades, stroke investigators used the term neuroprotection in two ways. Either, we meant 

protection of the entire brain during injury—usually ischemic stroke but also brain trauma and 

cerebral ischemia due to cardiac arrest. Or, we meant the salvage of neurons during injury in 

cell culture with glutamate application, other chemical injury, or simulated ischemia with oxygen-

glucose deprivation (OGD). Using these in vitro neuronal protection models, we assumed that 

treatments that protected neurons in cell culture would translate into agents that would protect 

whole brain in stroke models, and subsequently translate into effective treatments for human 

stroke victims. This paradigm has failed to date, perhaps because the neurovascular unit 

encompasses more than just neurons.  

 

Recent data confirms that the several elements of the neurovascular unit (NVU) behave 

differently during ischemia14. The NVU consists of several cell elements: neurons, astrocytes, 

endothelial cells, pericytes, oligodendroglia, and microglia are the most commonly studied; 

these cells all interact with blood and peripheral immune cells. The phenomenon called 

selective vulnerability was described many years ago15-17. Neurons were found to be most 

vulnerable, followed by astrocytes, followed by endothelial cells; this hierarchy of vulnerability 
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was speculated to derive from the relative distances to each cell type from the nearby 

microcirculation18. Regional differences in the excitotoxic ratio—relative densities of excitotoxic 

glutamate versus inhibitory GABAergic synapses—also relate to selective vulnerability15.  

Recently this fundamental concept has been updated into the context of the NVU where 

elements of the NVU show differential vulnerability (Fig. 1)14. Unlike selective-vulnerability, 

which relates to regional differences in cell death during stroke, differential vulnerability refers to 

the innate susceptibility of NVU elements to ischemia in monocellular cultures. Here, neurons 

are still most vulnerable, but astrocytes exhibit the greatest resistance to ischemia (Fig. 1); the 

mechanisms underlying differential vulnerability remain obscure.   

 

In addition to differential vulnerability, several laboratories have shown that neurons signal 

astrocytes for help during injury but the identity of the neuronal ‘help-me’ signal remains to be 

determined with certainty19; candidates include thrombin20 and β2-estradiol21. Further, after 

‘help-me’ signaling from neurons, astrocytes activate to protect adjacent neurons—a response 

now well-documented by several groups22-24. Studies of the mechanism of astrocyte-neuron 

paracrine protection could lead to the rational design of new therapeutic agents25-29. 

 

The clinical importance of differential vulnerability/response remains to be proven but could be 

quite significant. In translational stroke research, investigators have applied cerebroprotective 

agents as if all elements of the NVU respond similarly. This presumed uniform response across 

all NVU elements may be wrong, and in fact, may partly explain some prior failures of human 

stroke clinical trials.  To illustrate, therapeutic hypothermia (TH) was tested with respect to 

differential vulnerability. Brief, deep TH protected neurons during OGD and the brain during 

rodent middle cerebral artery occlusion (MCAo), but long durations of TH inhibited astrocytes, 

and abrogated the protective paracrine astrocyte response, thereby increasing  neuronal 
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death14. In other words, a cytoprotective strategy intended to protect one cell element of the 

NVU may cause unintended and significant harm in another element: agents that impact one 

element of the NVU beneficially may impact another element quite differently, causing 

unexpected and worse outcomes in clinical trials.  

 

 

In light of the above considerations, at the prior STAIR X the term “brain cytoprotection” was 

proposed to replace the term ‘neuroprotection’30. At STAIR XI, this term was endorsed and 

further refinements were made to the proposed terminology.  

Recommendation 1 

1. Cerebroprotection should be clearly defined and stated, when the intention of an 

investigation is to demonstrate that a new, candidate treatment benefits the entire brain 

as measured by either tissue volume, neurologic function, or preferably both. Brain 

cytoprotection connotes the same intent.  

2. The term ‘neuroprotection’ should be avoided when the investigator seeks to   

demonstrate pan-cellular brain protection. 

3. Brain Cytoprotection (Fig. 1).  

a. Neuronoprotection refers to the preservation/protection of neurons, either in cell 

culture or using cell identification techniques in vivo, as in selective neuronal 

vulnerability. 

b. Glioprotection refers to the preservation/protection of glia, mainly astrocytes but also 

oligodendroglia, in cell culture or in vivo. 
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c. Vasculoprotection refers to preserving blood brain barrier (BBB) and reducing 

vascular leakage in vivo or the preservation of endothelial cells and pericytes in cell 

culture. 

4. Timing: as shown in Figure 1, each version of brain cytoprotection will proceed on 

different time scales. Investigators must anticipate differential response in the NVU, 

depending on timing, and alter administration schedules accordingly.  

 

Opportunity Windows.  

The workshop participants next focused on approaches to offering therapy to patients when it 

can be most beneficial, i.e., avoiding futile or even hazardous interventions. For the few 

decades after publication of the NINDS rt-PA for Acute Stroke Trial, great attention focused on 

time windows because intravenous thrombolysis functioned best if used soon after stroke 

symptom onset (Fig. 2). The mantra “time is brain” reflected the importance of urgent 

recanalization, but clinicians and investigators recognized that in many patients some injured 

brain tissue might remain salvageable after the 3 hour time window used in the original NINDS 

study, or subsequently even after the 4.5 hour time window used in the ECASS 3 trial31, 32. As a 

result, tissue imaging techniques were developed to identify patients with both predicted core 

injury and penumbral, salvageable brain tissue, regardless of time after stroke symptom onset. 

Tracer perfusion techniques allow imaging of brain areas with slow blood flow (potentially 

salvageable) or zero flow (presumably completed infarction), and this ‘perfusion mismatch’ 

correlates generally with the ischemic penumbra33. Even closer to direct tissue imaging, 

magnetic resonance imaging allows demonstration of brain areas showing diffusion restriction, 

correlating with ischemic injury, and brain areas showing hyperintensity on Fluid Attenuated 

Inversion Recovery which roughly correlates with irreversibly injured brain34. STAIR XI 

workshop participants called this imaging approach a ‘tissue window’ to select patients for 
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recanalization35 (Fig.2). Recent studies suggest benefit for rt-PA beyond 4.5 hours of symptom 

duration, or due to unwitnessed onset using these imaging-based patient selection techniques. 

Additional studies demonstrated benefit for endovascular thrombectomy at 6 to 24 hours, also 

using imaging-based patient selection34-37. 

Recommendation 2 

Elements of the NVU show differential vulnerability evolving over differing time 

scales in different brain regions, suggesting the term ‘target window’. In the 

future, investigators could develop therapies that target the different elements of 

the NVU at different times. 

                                                                                                          

Optimal designs for preclinical evaluation 

                                                                                                                                  

In the past 5 years, two significant developments raise new hope for investigators developing 

brain cerebroprotectants: the appearance of new compounds with multiple mechanisms of 

action and the promulgation of new standards for rigorous preclinical development38-41. 

Workshop participants agreed to modify the existing STAIR preclinical recommendations to 

incorporate new developments. In Table 1 the original STAIR guidelines42 (1999) are compared 

to the modified version30, 43 (2009) along with ‘extra’ recommendations that were added at 

subsequent STAIRS.  In Table 2 the workshop participants updated, revised and enhanced the 

STAIR preclinical recommendations. It should be noted however, that in the absence of any 

proven cerebroprotective stroke therapy, these recommendations cannot be ranked with respect 

to any supportive evidence base.  
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Qualification Phase 

Stroke models can be used for two very different purposes, as codified in Table 2. For 

understanding a new candidate stroke therapy, i.e., exploratory research, we recommend that 

investigators should seek to understand the mechanism of action, the 

pharmacokinetics/pharmacodynamics, demonstrate target engagement, and confirm 

penetration through the BBB. These activities comprise “Candidate Treatment Qualification” as 

summarized in Table 2. In the qualification phase, simple animal models may be helpful in 

demonstrating target engagement, BBB transit, and other useful mechanistic studies. For 

reasons of expense and time, early screening studies of candidate treatments may be done in 

simpler stroke models, e.g., younger animals, but later should proceed to more costly studies of 

aged animals. In these screening studies, rodents are commonly used, typically without 

comorbidities. Both permanent and temporary occlusion models should be investigated with 

histological, behavioral and biomarker endpoints.  

 

Validation Phase 

Prior to embarking on an expensive clinical development program, investigators and regulators 

often seek assurance that the candidate treatment shows signals of efficacy and safety. One 

way to demonstrate promising signals is to use a clinically relevant animal stroke model. Prior 

STAIR conferences have recommended that preclinical assessment be approached with rigor 

and a commitment to scientific best practice, summarized in Table 2. In this phase, testing of 

candidate molecules in animal models could proceed in a comprehensive manner using animals 

of both sexes and to include significant variables such as age and comorbid conditions. 

Comprehensive preclinical assessment might include multi-center, collaborative testing, e.g., 

network trials. In the absence of a proven cerebroprotective agent to use as a ‘gold standard’ 



For S
tro

ke
 P

ee
r R

ev
iew

. D
o n

ot d
ist

rib
ute

. D
es

tro
y

    
    

    
    

    
    

    
    

   a
fte

r u
se

.

pg. 12 

 

however, it remains speculative whether such comprehensive preclinical assessment can 

effectively predict clinical outcome.  

Intense analysis of previous preclinical development programs in stroke and neurodegeneration 

have identified key problems that should be addressed, starting with a variety of biases that 

have limited the generalizability and validity of animal research in general, and stroke modeling 

specifically44, 45
. The workshop participants recommend that investigators commit to significant 

improvement and advancement of preclinical development by implementing the following 

technical innovations in a preclinical stroke testing network: central randomization, masking 

treatment assignment, power analysis and rational sample sizing, replication in multiple 

laboratories, study with key factors that impact outcome e.g., diabetes, hypertension, age, sex. 

Again it must be noted that no support is available to rank these recommendations with respect 

to a level of evidence.  

In addition to the above innovations, simulations have suggested the superiority of multi-site 

trials over larger single-laboratory studies46. The multi-site approach improves the external 

validity and may improve the likelihood of clinical success. Such collaborative science will 

require bringing together multiple sites to collaborate, agree on, and implement difficult 

protocols. Molecules that demonstrate promise in early screening studies could be investigated 

more completely in well-designed and performed multi-site studies before proceeding to clinical 

trial evaluation. Further, multi-site trials necessarily increase the heterogeneity of the study 

population, a key feature of human clinical trials usually missing in preclinical animal models46. 

That such heterogeneity improves clinical predictability remains a hypothesis to be tested.  

The Stroke Preclinical Assessment Network (SPAN) was created by NINDS to develop an 

approach to studying putative stroke therapies in a manner that addresses the above issues. 

SPAN uses a novel system of distributed, masked evaluation. The SPAN platform allows each 

investigative lab to upload outcome data (images or behavior video recordings) in a masked 
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fashion. Then, recordings are assigned for review to other site(s) for masked evaluation.  A 

centralized database allows for data monitoring and quality control. The resultant data is 

summarized, analyzed, and when all data is locked, the code will be broken for analysis. This 

novel approach allows for a secure, masked, highly cost efficient, tightly managed system with 

built in central quality-control.  

Randomization is central to eliminating bias and establishing rigor. Prior studies suggest that 

simple, benchside strategies (e.g., coin flipping, alternating odd/even days) retain some 

susceptibility to bias depending on the implementation. Successful parallel testing of multiple 

compounds with an adaptive strategy requires sophisticated approaches. Several authorities 

recommend that randomization occur PRIOR to the stroke surgery (regardless of ischemia 

method)39, 47.  SPAN uses centralized randomization of subjects at enrollment, prior to stroke 

surgery. 

Recommendation 3 

a. Preliminary studies of treatments for stroke should include dose/response effect, time 

window characterization, behavioral and histological outcomes, target engagement 

and BBB penetration (Table 2A). We recommend that candidate treatments showing 

promise in such qualifying studies might then be tested more intensively (Table 2B), 

including consideration of these following factors: 

b. Sample size: Investigators should know in advance the standard deviation and 

predicted effect size of the treatment they plan to study. Sample size should be 

estimated to detect the predicted effect size with reasonable power.  

c. Inclusion/exclusion criteria: Subjects must be excluded from the final analysis only for 

pre-specified, objective criteria, again to reduce conscious or unconscious 
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manipulation of the results. For example, appropriate drop of the LDF-measured 

cerebral blood flow is an essential inclusion criterion for MCAo models.  

d. Randomization: animals should be randomized to treatment groups prior to any study 

procedures, including behavioral apparatus habituation or stroke-induction surgery. 

This helps prevent conscious or unconscious allocation bias. 

e. Allocation concealment: Ideally the investigator performing the stroke does not know 

the treatment assignment of the subject, to avoid unconscious differences in surgical 

technique.  

f. Reporting on excluded animals: Subjects may drop out at any phase of the protocol. 

Reporting these dropouts helps minimize any manipulation of the final results.   

g. Blinded assessment of outcome: Investigators must remain unaware of group 

assignments when measuring any outcome. This is especially true of subjective 

assessments such as behavior scoring but applies also to semi-automated 

morphometry.  

h. Age: Very few stroke patients in trials are younger than 20 years old. Almost all 

preclinical stroke modeling is performed in rodents 2-3 months old, which corresponds 

to a human age of 15-20 years48. At some point prior to launching human clinical 

trials, preclinical testing of therapies should include studies in rodents at least 10 

months old (corresponding to middle-aged humans).   

i. Sex: Molecules showing promise in male rodents should also be evaluated in aged 

female or oophorectimized female rodents to demonstrate efficacy in both sexes. 

j. Comorbidities: Almost two thirds of stroke patients in trials are hypertensive. Almost all 

preclinical testing of therapies is performed in normotensive rodents. Investigators 

should consider the added value of preclinical testing in hypertensive rodents. 

Hyperglycemia due to diabetes mellitus is another co-morbidity known to influence 

stroke outcome.  
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k. Multiple laboratories: Prior to initiating clinical trials, it may be reasonable to test  

candidate cerebroprotectants for efficacy in multiple laboratories, and in multiple 

species39, 43.  

l. Gyrencephalic species: Candidate stroke treatments have rarely been tested or  

shown to be effective in gyrencephalic species such as non-human primate stroke 

models8, 49. It remains to be proven whether such demonstration of efficacy in 

primates will prove superior or complementary to rodent models in predicting success 

for the candidate therapy in clinical trials.  

m. Circadian context: Circadian biology affects all aspects of mammalian physiology50. 

Almost 80% of all currently approved drugs hit targets that show circadian rhythm51. It 

is now well-accepted that circadian biology profoundly affects cardiovascular medicine 

and immunology52, 53. Hence, it may be reasonable to consider the effects of circadian 

rhythms on stroke therapeutics. Over 90% of stroke patients in trials are enrolled in 

the daytime. For diurnal humans, this is the active (awake) phase. Almost all 

preclinical testing of therapies is also performed in rodents during the daytime, but for 

nocturnal rodents, this is their inactive (sleep) phase. A recent study found that stroke 

evolution and neuroprotectant effects may be different during active versus inactive 

phases in rodent stroke models54.  

 

 

In conclusion, Workshop #1 of STAIR XI considered and presented a new paradigm for the 

evaluation of putative therapies that may work together with recanalization to improve outcome 

after stroke. This paradigm is presented for the consideration of the larger stroke research 

community, and for further testing and validation.   
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Tables 

Table 1. STAIR Recommendations for Preclinical Stroke Treatment by Epoch 

A. Initial STAIR Preclinical Recommendations (1999) 

Dose Response Curve The drug should exhibit different effects over a range of 
doses 

Time Window Determine the maximum delay to treatment after which the 
treatment fails. 

Permanent then transient 
occlusion 

Treatment should be studied in both permanent and transient 
occlusion (reperfusion) models 

Blinded, physiologically 
controlled, reproducible 
studies 

Physiological variables should be monitored and maintained. 
Laser Doppler flow drop of at least 60% should be required. 

Histological and behavioral 
outcomes 

Outcomes should include both estimates of stroke lesion 
volume and behavioral outcomes 

Sex* Consider studying treatments in both males and females. 

Multiple Mechanisms* Consider combinatorial approaches 

Rodent then gyrencephalic 
species 

Demonstrate efficacy in at least 2 species 

B. Additional STAIR Recommendations (2009) 

Sample Size Calculation Report standard deviation and predicted estimated effect size 

Inclusion/Exclusion criteria E.g., required drop in laser Doppler flowmetry or symptom 
severity 

Randomization Group allocation should be randomized 

Allocation concealment Surgeon performing stroke remains unaware of treatment 
assignment 

Reporting on excluded 
animals 

Account for all drop out animals 

Blinded assessment of 
outcome 

Behavioral raters, image analysts unaware of treatment 
assignment 

Reporting of investigator or 
institutional conflicts of 
interest 

Any relationship that could be perceived to introduce conflict 
of interest should be disclosed 

C.  Extra Recommendations 

Age Assess treatment effects in aging animals 

Sex Test in both sexes 

Co-morbidities Test in the presence of hypertension or diabetes 

Multiple laboratories Results should be confirmed in more than one laboratory 

     D. STAIR XI Extra Recommendations  

Mechanism Studies of basic mechanisms should be clearly identified and 
differentiated from preclinical assessments for efficacy. 
Endpoints should reflect the mechanism under study 
 

Sample size Mechanistic studies must be adequately powered for the 
chosen endpoint and predicted effect size 

Preclinical assessments Studies seeking to qualify a candidate treatment for clinical 
trials should be clearly identified and designed accordingly 
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Table 2. STAIR XI Consolidated Recommendations 2021 

A. Candidate Treatment Qualification 

Dose Response  Treatment effect varies with changes in dose 

Time Window Treatment remains effective when administered after clinically 
relevant delay times 

Histological and behavioral 
outcomes 

Beneficial effects can be demonstrated using measures of 
behavior and tissue damage 

Target Engagement Candidate treatment reaches presumed target and causes 
expected physiological effects 

Barrier Penetration Candidate treatment enters brain 

B. Preclinical Assessment and validation 

Sample Size Sample size should be pre-specified based on known or 
assumed standard deviation and predicted effect size 

Inclusion/Exclusion criteria Effective MCA occlusion is confirmed using laser Doppler or 
other flowmetry or symptom severity 

Randomization Animals are randomized prior to initiation of any study 
procedures 

Allocation concealment Surgeon performing stroke remains unaware of treatment 
assignment 

Reporting on excluded 
animals 

Subjects lost at each experimental step after randomization 
are summarized 

Blinded assessment of 
outcome 

Investigators remain unaware of treatment assignment during 
all assessments 

Age Consider effects of age on outcome 

Sex Males and females should be assessed. Dose response 
differences between sexes should be determined 

Co-morbidities Ideal models of stroke co-morbid conditions (e.g., diabetes or 
hypertension) need to be refined 

Multiple laboratories Concordant effects should be demonstrated across multiple 
laboratories using similar methods.  

Gyrencephalic species Demonstration of efficacy in gyrencephalic species, 
particularly non-human primates may contribute to predicting 
clinical efficacy 

Circadian Effects Preclinical testing of therapies during the awake phase of 
rodent models should be considered. 

Reporting of investigator or 
institutional conflicts of 
interest 

Investigator and institution conflicts are reported and 
managed 
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Legends 

Table 1. Past STAIR Preclinical Recommendations. Original recommendations from STAIR 1 

(published in 1999) were updated in 2009. Extra recommendations were added at subsequent 

STAIRs, including STAIR XI. *Note: Although sex and multiple mechanisms were addressed in 

the 1999 version, these are not traditionally considered part of the original STAIR Preclinical 

Recommendations.  

Table 2. Revised STAIR Recommendations. After STAIR XI all prior recommendations were 

revised, consolidated and updated. Revised STAIR recommendations are separated for two 

experimental purposes. A. Candidate Treatment Qualification, which means early research and 

development of a novel, putative treatment. B. Preclinical Assessment and Validation, which 

means demonstrating efficacy in stroke models that have a likelihood of predicting success in 

subsequent patient clinical trials.  NB: STAIR recommendations are not guidelines or protocols, 

but rather consensus suggestions from an expert panel for investigators to consider.  

Figure 1. Differential Vulnerability. The several elements of the neurovascular unit each exhibit 

different susceptibility to oxygen-glucose deprivation14. Monocellular cultures underwent varying 

durations of OGD, and viability was measured 24 hours later.  Neurons showed greatest 

vulnerability, astrocytes least vulnerability, and pericytes/endothelial cells were intermediate. 

The term ‘brain cerebroprotection’ includes protection of each element of the neurovascular unit: 

neuronoprotection, vasculoprotection, and glioprotection. Upper panel used with permission 

International Society for Cerebral Blood Flow and Metabolisms. Lower panel © Patrick Lyden 

MD. 

Figure 2. Opportunity Windows. Scheme for understanding the historical evolution of successful 

treatment for acute ischemic stroke. Green indicates beneficial outcome, red indicates death or 
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disability, and pink indicates a transition epoch where outcome may not be best, but not worst.  

These graphs are provided for illustration only, are not data-derived, and are not intended to 

suggest specific recommendations.  A. Time Window. Initially thrombolysis and thrombectomy 

(together known as recanalization therapy) could only be targeted using clock time, defined as 

the time since the patient was last known well and free of new stroke deficits. B. Tissue 

Window. The development of perfusion imaging allowed for the estimation of perfusion 

mismatch and insight into the volume of salvageable tissue. Magnetic resonance-based 

techniques allowed even more direct imaging of tissue injury. Both perfusion and tissue injury 

methods allow recanalization therapy to target salvageable tissue, rather than depending on 

clock time. NB: despite the appearance of the figure, the relationship between time and 

mismatch is likely nonlinear.  C. Target Window. In the future, both recanalization and brain 

cerebroprotection therapy might target different elements of the neurovascular unit at different 

times, knowing the differential progression of pathology in differentially vulnerable regions, or 

different brain regions using focal, targeted delivery (not illustrated). © Patrick Lyden, MD 
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