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arterial lines !



Modified from Dirnagl et al. 1999

Minutes

Hours

Days

Weeks

TPA

Delayed
Therapeutic?

Infarct Progression after Stroke

Preventative?



Complexity of Stroke Injury Progression

Stroke
Onset

12 24 36 48 60 72 84 96

Migration of peripheral immune cells

BBB opening

Secondary BBB degradationExcitotoxicity

Acute Injury: 
Death of Umbra

Infarct Expansion: Secondary Neuroinflammation

MMP activation

Energy
failure

Microglial activation

Cytokines & chemokines

How can we improve animal models to predict
clinical efficacy of novel therapeutics?
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Improving preclinical stroke researchCLINICAL PUZZLE

measure. Typically, many experimental
stroke studies only report decreased infarct
sizes (albeit with a tremendous effect of the
studied intervention) or short-term outcome
measures. However, “human strokes are
mostly small in size” (Carmichael, 2005) and,
ultimately, the most important outcome
parameters of any intervention in human
stroke are long-term (3-month) survival and
functional recovery, as measured by the
modified Rankin scale or Barthel index,
which represent the ability of a patient to
perform activities of daily life or the ability
to communicate (Lees et al., 2012; Schellinger
et al., 2012). Thus, similar to clinical trials,
long-term survival should be used as an
important outcome measure in experimental
studies. Beyond comparing infarct sizes,
analyses geared at investigating (long-term)
functional outcome (Gladstone et al., 2002),
including analysis of complex motor
functions such as gait (Hetze et al., 2012), or
complex long-term behavioral analysis
(DeVries et al., 2001; Whishaw et al., 2008),
would dramatically improve many
experimental studies.

In summary, preclinical trials for the
development of novel therapies for stroke
should include large and complex cohorts of
animals and include sex-mixed, aged animals
from different strains, ideally with different
comorbidities. Furthermore, complex long-

term outcome analyses should be performed
to evaluate the success of a novel therapeutic
concept or pharmacological agent (Fig. 2).

Modeling care of stroke patients
As discussed above, there is good evidence
that currently available stroke models
effectively model the disorder ‘stroke’ as well
as its consequences. However, how we can
model the care of stroke patients is rarely
discussed.

Modeling stroke unit care
Our most successful therapeutic strategies
rely on ‘intensified care’ of stroke patients in
the acute phase of the disease on dedicated
and highly specialized stroke units (Donnan
et al., 2008). Acute care on stroke units is
complex and is committed to optimizing
physiological parameters such as body
temperature, blood pressure, oxygenation
and blood glucose levels. Furthermore,
secondary stroke prevention by treating risk
factors is started early. Likewise, prevention
and treatment of medical and neurological
complications to improve patient outcome
receives equal attention.

Preventing infections after stroke
Among others, a frequent complication
treated in stroke units is infection. Although
infections have a detrimental effect on stroke
outcome (Westendorp et al., 2011), they have

largely been neglected in preclinical stroke
research (Meisel and Meisel, 2011; Meisel 
et al., 2005). Based on mechanistic basic
research, it is now clinically and
experimentally well established that stroke
induces immunodepression through complex
mechanisms, contributing to these post-stroke
infections (Chamorro et al., 2012; Chamorro
et al., 2007; Harms et al., 2008; McColl et al.,
2009; Meisel et al., 2005; Prass et al., 2003).

Preventive antibacterial treatment not
only prevents infections, but also improves
survival and neurological outcome after
experimental stroke, compared with placebo
treatment (Meisel et al., 2004). Recent Phase
2b trials have successfully proven this
concept (Chamorro et al., 2005; Harms et al.,
2008; Schwarz et al., 2008), demonstrating
that prevention of infection is effective in
stroke patients (van de Beek et al., 2009). The
ongoing Phase 3 preventive antibiotics in
stroke study (PASS), comprising 3200
patients, is investigating whether preventive
antibiotic treatment improves long-term
outcome after stroke (Nederkoorn et al.,
2011).

Based on our recent experimental findings
with complex modeling of acute stroke care
(Susann Hetze, Odilo Engel, Christine
Roemer, Susanne Mueller, Christian Meisel
and A.M., unpublished data), we speculate
that the PASS trial will demonstrate that
preventive anti-infective treatment improves
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Fig. 2. The preclinical trial phases of translational stroke research. As therapeutic agents or concepts advance in development, the experimental setting
increases in complexity. It ranges from small cohorts to investigate novel (pathophysiological) mechanisms to large mixed populations with (multiple)
comorbidities and additional modeling of stroke care. The final stage of preclinical development is to conduct a randomized controlled preclinical trial (RCPT),
ideally in a stroke unit setting. Randomized clinical trials commence after this process has been completed, and are based on evidence gained in preclinical
testing.

Evidence Based Medicine  (EBM) and Randomized Clinical Trial (RCT)  
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Figure. Applying classification of recommendations and level of evidence. 



Neuroplasticity post-stroke 

Large strokes may recruit 

ipsilateral pathways during 

recovery. 

Box 4 I Brain locations predicted to mediate stroke recovery 

Before stroke Small stroke 

(forelimb only) 

Medium stroke Large stroke 

(Somatosensory cortex) 

- Sensory fibres - Motor fibres - I psi lateral sensory fibres - Transcallosal connection ;; : i Damaged connections 

Murphy and Corbett Nat. Rev. Neurosci. 2009 

Dendrites during ischemia and reperfusion. 

Normal somatosensory cortex Amputee somatosensory cortex 

Upper arm/trunk/leg Hand/forearm -Face



How we know that 
those are bad science 
(pseudoscience)?

Ignorance and stupidity are expensive, and you will pay the higher for it!




