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NEURAL REGENERATION RESEARCH 

PERSPECTIVE

Remote ischemic conditioning 
approach for the treatment of ischemic 
stroke 

Stroke is the leading cause of disability and death in North Ameri-
ca. There has been growing interest in identifying neuroprotective 
strategies to reduce ischemic burden in patients with acute isch-
emic stroke. However, despite extensive clinical trials, no neuropro-
tective agent has been found for prevention of ischemic damage. 
Remote ischemic preconditioning (RIC) is a promising non-inva-
sive strategy that has been proven to provide renal and cardiopro-
tection and has recently found to have a potential broad application 
in the treatment of neurovascular disease, which has bee linked to 
its possible effects on the release and activation of endogenous neu-
roprotective substances against the ischemia/reperfusion injuries in 
experimental studies. This endogenous neuroprotection might vac-
cinate neural tissues against effects of acute IR following primary 
infarction insult. Regardless of the method of RIC administration, 
through manual or automated blood pressure cuff, RIC procedure 
is inexpensive and easy to use. Based on the experimental and 
clinical data, application of RIC avoids possible adverse effects and 
interactions associated with chemical pharmacological agents. In 
previous clinical studies RIC was safe and associated with only 
minor transient adverse effects in few cases, including petechia and 
minor limb pain, which were mostly resolved shortly after com-
pleting the treatment. RIC involves between three to five cycles of 5 
minutes blood pressure cuff inflation and 5 minutes of deflation on 
the upper or lower extremity. RIC can be applied before (Pre-RIC), 
during (Per-RIC) and after (Post-RIC) infarction and can be safely 
continued for a prolonged period of time in human.

The neuroprotective mechanism of RIC includes inhibition of 
pathophysiological cascades which begin following primary isch-
emic insult. RIC has been found to work through anti-apoptosis, 
anti-inflammatory, anti-oxidative, and mitochondria modulatory 
mechanisms, as well as through endogenous release of vascular 
protective mediators, and transcriptional upregulation of protective 
pathways (Hess et al., 2015; Zhou et al., 2018). Although multiple 
preclinical and clinical studies have demonstrated the efficacy of 
RIC in reducing infarction size in acute and elective settings for 
acute ischemic stroke (AIS), the ability of RIC in mitigation of isch-
emic damage needs to be proven in future studies to translate this 
treatment model into the bedside. So far, few clinical studies have 
investigated the underlying mechanism of RIC and optimal RIC 
protocol in patients with cerebrovascular diseases (CVD) based on 
the advanced molecular and neuroimaging surrogate biomarkers. 
This perspective seeks to update the current evidence on the effects 
and molecular mechanisms of action of RIC on neuroimaging bio-
markers and in the treatment of CVD based on animal and clinical 
studies and discuss the perspectives for the future studies.

RIC in animal models: timing, duration and outcome: In previ-
ous experimental models of AIS, per-conditioning (Per-RIC) use 
has been consistently associated with significant improvement of 
short- and long-term outcome in rat and mice animal models (Hahn 
et al., 2011; Hoda et al., 2014; Ma et al., 2017; Kitagawa et al., 2018). 
Ma et al. (2017) and Kitagawa et al. (2018) suggested that Per-RIC 
significantly reduces early ischemic injury through preventing 
collateral collapse and therefore facilitating the delivery of neuro-
protective agents to the salvageable tissue in penumbra. In another 
study, Hahn et al. (2011) showed that both Pre-RIC and Per-RIC 
reduce infarct size; however, Per-RIC was associated with superior 

efficacy over Pre-RIC. Hoda et al. (2014) showed significant neu-
roprotective benefits of Per-RIP therapy. While most studies have 
focused on the single dose short-lasting neuroprotective benefits 
of Pre- and Per-RIC, recently, the ability of repeated chronic daily 
Post-RIC to reduce neural damage has been supported by sever-
al preclinical animal studies and its neurorestorative effects have 
been further supported by findings from recent clinical trials in 
ischemic stroke patients. Ren et al. (2015) showed that continued 
repeated administration of RIC [i.e., post-conditioning (post-RIC)] 
for 14 days after reperfusion was associated with even stronger 
neuroprotection against cerebral ischemia/reperfusion injury. The 
neurorestorative effects of Post-RIC have been demonstrated in 
previous experimental studies. Figure 1 demonstrates the sche-
matic representation of suggested underlying mechanism by which 
Per-RIC and continued Post-RIC treatment can benefit to mitigate 
ischemic damages. As shown in the illustration, in early phase of 
ischemic damage, Per-RIC can reduce neurological and behavioral 
deficits by decreasing infarct size, brain edema, blood-brain barrier 
permeability, and oxidative stress. While, continued Post-RIC ad-
ministration can even further enhance plasticity and neurorecovery 
through increasing cerebral blood flow (CBF), collateral circula-
tion, and neural grow factors which leads to improved astrogliosis, 
vasculogenesis and neurogenesis. 

RIC in human studies: timing, duration and outcome: Pre-
vious clinical studies have indicated the safety and feasibility of 
RIC in patients with AIS, aneurysmal subarachnoid hemorrhage 
and following interventional procedures including mechanical 
thrombectomy, elective carotid endarterectomy, and endovascular 
intracranial aneurysm repair (Gasparovic et al., 2017; Mohammad 
Seyedsaadat et al., 2019). Recent studies have also demonstrated the 
efficacy of RIC in aSAH, intracranial atherosclerotic stenosis and in 
those who undergo cardiac surgeries, and carotid artery stenting. 
Similar to animal stroke models, RIC administration in patients 
with CVD was associated with reduced infarct size and volume, im-
proved neurological and functional outcomes as well as decreased 
future ischemic events. 

Long-term (> 180 days) Post-RIC therapy has been strongly asso-
ciated with improved outcome in many prior clinical studies. In all 
of these 5 phase-2 clinical trials, long-term Post-RIC was associated 
with decreased stroke reoccurrence in symptomatic intracranial 
stenosis, decreased new brain lesions in patients with carotid artery 
stenosis undergoing carotid artery stenting, and decreased cognitive 
impairment and white matter hyper-intensity in patients with cere-
bral small vessel disease. The efficacy of long-term Post-RIC use in 
improvement of the clinical outcome of CVD patients is consistent 
with the results of animal studies, which might indicate the similar 
ability and potential of long-term Post-RIC in humans to improve 
the outcome through enhancing the collateral circulation, CBF and 
neurogenesis. However, to the best of our knowledge, no study has 
evaluated the effects of Per-RIC in combination with long-term 
Post-RIC on the clinical outcome of AIS patients, and prevention of 
thromboembolic events following endovascular aneurysm repair. 
Therefore, a large multi-center clinical trial warrants to study the 
effects of Per-RIC plus long-term Post-RIC on short- and long term 
outcome and complications in patients with AIS who undergo en-
dovascular thrombectomy and evaluate the effects of this regimen 
on molecular neurovascular remodeling, collateral circulation, CBF, 
and functional connectivity using biochemical blood analysis and 
advanced imaging techniques such as diffusion-weighted imaging/
perfusion weighted imaging mismatch/region, Arterial spin labeling, 
functional, and resting-state functional MRI. Therefore, we specu-
late that these results can fill a crucial niche in better understanding 
the underlying mechanism of RIC and prevention and treatment of 
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ischemic brain injury by providing continued neuroprotection.
In conclusion, based on the current data, a combined Per-RIC 

plus long-term Post-RIC regimen might maximize the neuropro-
tective benefits of RIC in the treatment of patients with ischemic 
brain injuries or those who are at high risk for ischemic brain 
damages. Further research is required to validate the therapeutic 
efficiency of this combination regimen in the treatment of CVD. 
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Figure 1 Schematic representation of suggested underlying mechanism by which Per-RIC and continued Post-RIC treatment can benefit to 
mitigate ischemic damages.
AQP4: Aquaporin-4; BBB: blood-brain barrier; CBF: cerebral blood flow; GFAP: glial fibrillary acidic protein; MMP-9: matrix metallopeptidase 9; 
NOS: nitric oxide synthase; RIC: remote ischemic conditioning; ROS: reactive oxygen species; VEGF: vascular endothelial growth factor.
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