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Abstract There is increasing recognition of the involvement of the immune signaling molecule, tumor necrosis factor
(TNF), in the pathophysiology of stroke and chronic brain
dysfunction. TNF plays an important role both in modulating
synaptic function and in the pathogenesis of neuropathic pain.
Etanercept is a recombinant therapeutic that neutralizes
pathologic levels of TNF. Brain imaging has demonstrated
chronic intracerebral microglial activation and neuroinflammation following stroke and other forms of acute brain injury.
Activated microglia release TNF, which mediates neurotoxicity in the stroke penumbra. Recent observational studies
have reported rapid and sustained improvement in chronic
post-stroke neurological and cognitive dysfunction following
perispinal administration of etanercept. The biological
T. A. Ignatowski
Department of Pathology and Anatomical Sciences and Program
for Neuroscience, School of Medicine and Biomedical Sciences,
The State University of New York, Buffalo, NY, USA
R. N. Spengler
NanoAxis, LLC, Clarence, NY, USA
K. M. Dhandapani
Department of Neurosurgery, Medical College of Georgia,
Georgia Regents University, Augusta, GA, USA
H. Folkersma
Neurosurgical Center Amsterdam, VU University Medical
Center, Amsterdam, The Netherlands
R. F. Butterworth
Neuroscience Research Unit, Hopital St-Luc (CHUM),
University of Montreal, Montreal, Canada
E. Tobinick (&)
Institute of Neurological Recovery, 2300 Glades Road Suite
305E, Boca Raton, FL 33431, USA
e-mail: nrimed@gmail.com

plausibility of these results is supported by independent evidence demonstrating reduction in cognitive dysfunction,
neuropathic pain, and microglial activation following the use
of etanercept, as well as multiple studies reporting improvement in stroke outcome and cognitive impairment following
therapeutic strategies designed to inhibit TNF. The causal
association between etanercept treatment and reduction in
post-stroke disability satisfy all of the Bradford Hill Criteria:
strength of the association; consistency; specificity; temporality; biological gradient; biological plausibility; coherence;
experimental evidence; and analogy. Recognition that chronic
microglial activation and pathologic TNF concentration are
targets that may be therapeutically addressed for years following stroke and other forms of acute brain injury provides
an exciting new direction for research and treatment.
Key Points
Accumulating evidence suggests that chronic poststroke intracerebral microglial activation and
neuroinflammation mediated by pathologic levels of
tumor necrosis factor constitute new therapeutic
targets that may persist for years after stroke.
Perispinal etanercept for chronic post-stroke
neurological and cognitive dysfunction is an
emerging treatment modality that may lead to rapid
and sustained clinical improvement in this patient
population.

1 Introduction
Post-stroke disability represents a major public health
problem throughout the world [1, 2]. Current drug

