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   Stroke Progress and Promises: 
Going Forward (Preface) 

   To ancient Greeks, the hero met his nemesis or tragic ending as a direct result of his 
hubris or pride. Gazing over the smoking battlefi eld of failed clinical trials [1] one 
cannot help but think of the armies lost to the hubris of those who launched cam-
paigns with terrible certainty: this plan must work because it fi ts everything we 
know. Given the spectacular stroke-trial failures of the past 2 decades, one might 
reasonably give the stage over to the Greek chorus, lamenting the tragic end of 
neuroprotection, and moving on to other therapeutic areas. Reviewing the new and 
novel ideas contained in this volume, as well as new twists on old ideas,    one can be 
ensured a renewed energy and optimism. 

 The industry-sponsored dextrophan trial in the United States [2] brought to the 
forefront the “one mechanism–one drug” principle that guided drug development 
for decades. The trial arose from an elegant theory that a single neurotransmitter, 
glutamate, acting on a single channel, the NMDA receptor, injuring a single cell-
type, the neuron, unlocked the secret to reversing stroke. The notion that a single 
drug, acting on a single receptor to activate a single, defi ned mechanism of action 
seduced trialists, basic scientists, regulators, and funding agencies. The “single 
mechanism” theory came to permeate translational neurology, so much so that stud-
ies of pleiotropic therapies came to a virtual standstill. Twelve years later, the spec-
tacular demise of the free-radical scavenging agent NXY-059 [3, 4] fi nally and 
(hopefully) permanently put an end to the naïve idea that a single magic bullet 
therapy could overcome the plethora of pathologic processes running in parallel 
during ischemia. 

 Even worse than naiveté, however, during the 2-decade search for the “single 
mechanism” magic bullet, a hubritic sense permeated the fi eld: experts knew all that 
anyone needed to know. Study groups designed trials—and powered them—as if 
there were no unknowns among human stroke victims participating in trials. For 
example, during the development of the steroid tirilazad, an unrecognized gender 
effect on drug metabolism partially infl uenced the outcome of the pivotal clinical 
trial [5]. When designing the NINDS Trial of rt-PA for Acute Ischemic Stroke [6], 
we were advised by very experienced and senior neurologists to exclude lacunes: it 
was “well known” that the mechanisms of small vessel occlusion included cystic 
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medial necrosis and lipohyalinosis but  not  thrombosis. Had we followed dogma and 
excluded lacunar stroke patients, we would have excluded the subgroup that bene-
fi ted most from thrombolytic therapy [7]. 

 Hubris of another kind affects the few companies interested in funding clinical 
trials in stroke. Large pharma will have little or nothing to do with stroke trials until 
positive results can be guaranteed; the fi eld is left to brave start-up ventures willing 
to gamble on fi nding the next big winner in stroke. But limited funds drives these 
companies to design trials targeted at an idealized subgroup of patients. After retro-
spective review of failed trials, these businessmen conclude that we should study 
only the portion of the fraction of the sub-subgroup that would presumably benefi t. 
This “threading-the-needle” principle assumes that tomorrow’s treatment behaves 
exactly like yesterday’s after we exclude patients who presumably could not have 
responded to therapy. The next few clinical trials will reveal whether this needle can 
be threaded successfully. 

 The next phase—and hopefully a more mature phase—of stroke clinical trials 
seems to be emerging and this volume seeks to illustrate two critical points relevant 
to this renaissance. First, the need for pleiotropic and combinatorial therapies is 
obvious. The search for the “magic bullet” is over and therapies like hypothermia, 
with multiple mechanisms, should receive priority [8]. Second, while a “thread-the-
needle” approach to fi nding magic subgroups may succeed, such is doubtful. 
A viable alternative strategy includes a confession of humility: we do not know 
everything and we should power our trials to include the unforeseen responsive or 
nonresponsive populations. Larger trials may cost more, but new approaches can 
reduce risk by including stronger futility analyses, adaptive and sequential designs, 
and frequent interim analyses. Larger trials that can be pooled with other large trials 
allow for  rational  subgroup analysis and the rigorous confi rmation of trends. 
Obviously, larger trials demand simplifi ed designs and the collection of only the 
most salient data. Regulatory reform must arise on multiple continents. 

 The time is ripe for many of the ideas presented in this volume and the Editors 
have done a good job attracting new talent bringing novel, perhaps radical, ideas. In 
Part I, the neurovascular unit comes to the forefront, as it should. What were we 
thinking when we designed therapies targeted only at neurons, as if there were no 
other cells in the nervous system? Conceptually, the neurovascular unit seems obvi-
ous and simple—as do all major advances in science—but the implications may be 
complex and protean. The second part of this book offers the reader a potpourri of 
new therapeutic possibilities. Few, or perhaps none, of these proposals will pan out, 
but in investigating these and other new targets, we should stumble our way into a 
signifi cant advance like thrombolysis. Some—like laser therapy—are far-fetched 
and hard to accept given our current understanding of ischemia. Others—like hypo-
thermia—are very old ideas newly reformulated thanks to technical delivery 
advances. While we cannot predict which of these ideas will prove successful, we 
can assert that at least something here will move our fi eld forward signifi cantly. 
Parts III and IV tackle the very real but arcane details of modeling. No small part of 
our collective failure lies with the preclinical models, and a critical review will 
inform the reader on limitations of past and present animal stroke models. 
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Part V offers updates on therapies currently on the “hot list” and illustrates some of 
the pitfalls inherent in clinical trials. Part VI offers criticism and proposals for 
improving clinical trial design; these revisions are sorely needed. 

 Stroke research is not for the faint of heart. We fi ght a common, devastating dis-
ease and lose more often than we win. But every year around the world, more 
patients receive intravenous rt-PA, more stroke centers open up, and more Fellows 
are trained as Vascular Neurologists. Undoubtedly, a multi-mechanistic neuropro-
tective treatment—and likely something fi rst glimpsed in this book—will emerge to 
compliment recanalization, but only if we humbly learn the lessons of the last 2 
decades and thoughtfully plan for the unknown. 

Patrick D. Lyden
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