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arterial thrombolysis. Yet because of the narrow therapeutic time window involved, thrombolytic
application is very restricted in clinical settings. Accumulating data suggest that non-pharmaceutical
therapies for stroke might provide new opportunities for stroke treatment. Here we review recent
research progress in the mechanisms and clinical implications of non-pharmaceutical therapies, mainly

Keywords: . . including neuroprotective approaches such as hypothermia, ischemic/hypoxic conditioning, acupunc-
Non-pharmaceutical therapies . . .. . . .
Stroke ture, medical gases and transcranial laser therapy. In addition, we briefly summarize mechanical
Ischemia endovascular recanalization devices and recovery devices for the treatment of the chronic phase of
Neuroprotection stroke and discuss the relative merits of these devices.
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1. Introduction

Stroke, deemed a worldwide leading cause of death and
neurological disability in both immature and adult subjects,
continues to wreak physical, psychological and financial havoc in
developing and developed nations alike. Instances of acute
ischemic stroke result in heterogeneous changes in CBF (cerebral
blood flow) and brain metabolism in the affected region. The
human brain and its meshwork of roughly 100 billion interwoven
neurons receives close to 15% of the body’s resting cardiac output
while expending 20% of its oxygen, rendering the organ especially
sensitive to such cases of hypoxic or ischemic insult (Clarke and
Sokoloff, 1999; Fisher et al., 2009; Chao and Xia, 2010; Arai et al.,
2011; Ding et al., 2012; Li et al., 2012; Albert-Weissenberger et al.,
2013; He et al., 2013). As the brain is extremely sensitive to
hypoxia or ischemia, protecting brain tissue from injury, simplified
as “neuroprotection”, has therefore been a long sought after
strategy in quelling physiological damage following stroke onset.
Decades of research efforts have investigated over 1000 pharma-
cological neuroprotectants, including excitatory amino acid
antagonists, free radical scavengers, calcium channel blockers,
and growth factors that are thought to target and correct different
pathophysiological manifestations of ischemic brain injury.
Unfortunately, almost all attempts at protecting the brain from
ischemic injury have failed at making a successful transition into

clinical use. The majority of these failures involved complex
pharmaceutical targets and agents. Until now, intravenous rtPA
(recombinant tissue plasminogen activator) is the only proven
effective treatment in the acute setting. Most neuroprotectants
alter only a single step in the broad cascade of biochemical events
that lead to ischemic injury, and this over-specification may in part
explain failure in the clinical setting (STAIR, 1999). Therefore, it is
strongly suggested that stroke be approached with multiple,
multifaceted neuroprotective methods capable of ameliorating a
broader range of systems gone awry.

Non-pharmaceutical therapies are becoming more common
and can be promptly initiated after stroke onset, marking them as
ideal to combine with pharmaceutical or thrombolytic therapies
which may further salvage affected brain tissue. Indeed, accumu-
lating data suggest that “non-drug” approaches might provide new
opportunities for stroke therapy, such as therapeutic hypothermia
(Lakhan and Pamplona, 2012; Yenari and Han, 2012), ischemic/
hypoxic conditioning (Liu et al., 2009b; Lim and Hausenloy, 2012),
acupuncture (Guo et al., 2010; Xia et al., 2010, 2012), certain
medical gases (Liu et al., 2011b; Sutherland et al., 2013) and other
strategies.

In this review, we focus on the major clinical implications of
non-pharmaceutical therapies for acute ischemic stroke and their
underlying neuroprotective mechanisms. We also address the
recent progress in mechanical endovascular recanalization and
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