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Mini‑review (Part II): A clinical 
consideration on exercise and ischemic 
conditioning in stroke rehabilitation
Melissa Wills, Yuchuan Ding

Abstract:
Exercise therapy is commonly recommended and is often considered to be the gold standard of 
rehabilitation in patients with ischemic stroke. However, implementation and standardization of 
exercise therapy are challenging as patients vary in their abilities, disabilities, and willingness to 
participate in exercise rehabilitation after a cerebrovascular event. Remote ischemic conditioning (RIC) 
is a more passive and accessible therapy that, although remains in its infancy, has the potential to 
confer similar neuroprotective effects as exercise. In the previously published Part I of this Mini Review, 
we examined the biochemical evidence for exercise and RIC and noted that the in vitro results may 
be misleading outside of the context of clinical application. In the present review, we investigate the 
various clinical parameters by which exercise and RIC therapy may be most beneficial to ischemic 
stroke victims. We also extend our discussion to consider the therapeutic combination of RIC and 
exercise therapy to maximize functional outcomes after stroke.
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Introduction

Stroke is one of the leading causes 
of death and the leading cause of 

disability worldwide.[1] Certain valuable 
efforts to minimize long‑term damage 
from stroke have focused on therapies 
that enhance endogenous reperfusive 
mechanisms. For instance, exercise therapy 
is a well‑accepted rehabilitative method 
in poststroke conditioning that has been 
shown to promote various neuroprotective 
mechanisms, such as neurogenesis, 
neuronal apoptosis inhibition, cerebral 
inflammation reduction, and blood‑brain 
barrier maintenance.[2] These processes 
are not only vital for recovery from 
cerebral infarction but are also endogenous 
physiological responses to physical 
exercise, thus making exercise an attractive 

rehabilitative option after stroke. Ischemic 
conditioning (IC) is another therapeutic 
approach for poststroke rehabilitation. In 
this technique, endogenous responses to 
sub‑lethal ischemia, induced by cycles of 
limb occlusion, exert neuroprotection to the 
infarcted brain– much in the same fashion 
as the response to exercise. IC was initially 
devised in the context of cardioprotection 
and requires expanded attention in the 
field of stroke, particularly with in‑vivo and 
clinical studies.[3]

In Part I of this Mini Review series, we 
discussed the mechanisms by which both 
exercise therapy and IC enhance neurogenesis, 
angiogenesis, and synaptogenesis after an 
ischemic stroke, thus facilitating rehabilitation 
and minimizing lasting disability.[4] There, 
we noted that the passive nature of IC lends 
itself to be particularly accessible to stroke 
survivors, who are often less amenable to 
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exercise therapy, particularly during the time shortly after 
their cerebrovascular accident due to unstable medical 
status, new disabilities, or lack of motivation. Since 
exercise and IC have similar neurorehabilitative outcomes 
and overlapping mechanisms, the more accessible nature 
of IC beseeches greater investigation and full exploration 
of its therapeutic potential. Evidently, both therapies merit 
greater research into their clinical applications to maximize 
their clinical potential and ultimately standardize effective 
treatment for patients. The purpose of the present Part 2 
of our Mini‑Review is to examine recent evidence and 
recommendations in the clinical application of exercise 
and IC in ischemic stroke rehabilitation.

Exercise and Neurorehabilitation

Exercise is widely recommended for the rehabilitation of 
stroke patients. In Part I of this Mini Review, we examined 
studies that illustrated the biochemical evidence by 
which exercise therapy is successful in‑vitro. We now 
turn to investigate the ways in which these concepts are 
reflected in the clinical setting and the potential extent 
to which the benefits of exercise therapy depend on the 
parameters of its application. Indeed, there are various 
types, intensities, and regimens of exercise that must be 
evaluated and optimized in order for exercise therapy to 
be a reliable means to maximize poststroke rehabilitation. 
An important consideration for exercise therapy is that 
it is performed safely. Stroke survivors differ in their 
strength level and injury after stroke and therefore 
should be examined on an individual basis by a licensed 
medical professional to determine whether they can 
perform the various forms of exercise.

Intensity of exercise
Low‑intensity treadmill exercise has been shown to 
improve spatial, nonspatial, and negative reinforcement 
memory performance in rodents after brain ischemia 
to a greater extent than high‑intensity treadmill 
exercise. These conclusions have been corroborated by 
concurrent findings that low‑intensity exercise, but not 
high‑intensity exercise, significantly reduced infarct 
volumes, increased hippocampal neuron density, and 
increased levels of BDNF, synapsin‑I, and PSD‑95, as well 
as LAP2 immunoreactivity, which are proteins known to 
be involved in synaptogenesis after stroke.[5,6] Together, 
these studies suggest that lower intensity exercise is more 
conducive to improvements in memory function after a 
stroke, possibly due to the alterations in infarct volume, 
neuron density, and proteins of neurogenesis within the 
hippocampus. The low‑intensity exercise was also shown 
to improve mobility, quality of life, and muscle power 
in stroke patients to a greater extent than high‑intensity 
exercise.[7] These conclusions could be beneficial to 
the community of stroke survivors, who may be more 
amenable to lower intensity exercise.

However, these findings are not unanimous. In patients 
with sub‑acute stroke with mild cognitive impairments, 
those who underwent high‑intensity exercise achieved 
significant improvements in processing speed and 
divided attention.[8] High‑intensity treadmill training also 
led to greater improvements in gait ability, step length, 
and walking symmetry, enhanced VO2peak, and reduced 
the cost of walking when compared to low‑intensity 
treadmill training.[9] Other studies indicated that neither 
high intensity nor low intensity improved cognitive 
functions, and some did not detect differences when the 
parameter of intensity was adjusted.[10,11]

It is possible that high and low‑intensity exercise have 
their respective strengths in terms of recovery after 
stroke and that both may be combined to create the 
optimal rehabilitative regimen. Additionally, the body 
of literature that has evaluated exercise intensity in 
stroke is broad and its various studies have examined 
this parameter with study subjects differing in the types 
of strokes, comorbidities, and disabilities. Substantial 
conclusions that are generalizable to the entire stroke 
community are therefore difficult to draw and further 
research is needed to evaluate exercise intensity as it 
pertains to these groups.

Type of exercise
The type of exercise is another parameter that merits 
examination. Aerobic exercise is often employed in the 
context of cardioprotection but has also been vastly 
applied in the sphere of neuroprotection in stroke 
rehabilitation. Aerobic exercise was shown to improve 
global cognition, memory, and attention as assessed by 
the Addenbrooke’s Cognitive Examination‑Revised, 
Functional Independence Measure, event‑related 
potentials (P300), Mini‑Mental State Examination, 
and Montreal Cognitive Assessment (MoCA) in the 
poststroke patient.[12‑14] Conversely, Kim and Yim 
investigated the effect of a multidisciplinary exercise 
regimen, which combined hand‑grip training, a power 
web exerciser, Digi‑Flex, and treadmill‑based weight 
loading using a sandbag on cognitive outcomes in 
patients with chronic stroke. They found that the exercise 
group had significantly higher scores in the Korean 
version of the MoCA, Stroop test, Trail Making‑B, Timed 
Up and Go, and 10‑Meter Walk tests.[15] Furthermore, 
a study by Ordahan et al. examined the use of a 
balance trainer on balance, level of independence, and 
ambulation parameters in stroke patients and found that 
it could safely be used to positively impact balance and 
postural control.[16] These studies indicate that various 
forms of exercise are capable of enhancing poststroke 
cognition. This evidence, which supports the notion 
that several types of exercise can improve cognition in 
stroke patients, could allow stroke survivors to gain more 
autonomy and to have a tailored rehabilitation plan.
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Timing of exercise
Timing of therapy is another variable that has been 
examined as it relates to poststroke rehabilitation and 
there is rich literature surrounding the application of 
exercise therapy at the hyperacute, acute, and chronic 
stages of stroke.[17] A Very Early Rehabilitation Trial 
demonstrated that initiation of exercise training within 
24 h of the stroke event– that is, during the hyperacute 
stage– exacerbated damages from stroke.[18] Another 
study using middle cerebral artery occlusion models of 
rats indicated that exclusive use of the affected forelimb 
immediately after focal ischemia was detrimental to 
sensorimotor function and that its early use led to greater 
comorbidities.[19] Taken together, these findings provide 
substantial evidence that exercise conducted too early 
may inhibit the initial physiologic response to stroke 
and therefore prevent the maximum regeneration of 
prestroke capacities. Conversely, a study conducted in 
rat models demonstrated that training reduced infarct 
size to the greatest extent when performed between 1 
and 5 days of stroke onset, which provides insight into 
the earliest point at which exercise therapy can be safely 
initiated after stroke.[20] Moreover, exercise therapy 
in chronic stroke patients (>6 months after stroke) is 
reported to have a broad range of benefits, as it has 
been shown to improve balance, gait, and cognitive 
functioning.[15,21,22] The findings presented here indicate 
that exercise therapy introduced at least 24 h after 
stroke and into the chronic stage of rehabilitation is safe 
and effective.

Ischemic Conditioning and Remote 
Ischemic Conditioning

IC has several strengths that lend it to be a valuable 
adjunct, and perhaps even worthy challenger, to exercise 
training. It is noninvasive, easy to use, and well‑tolerated 
by patients. It can be applied to the patient passively, 
and, therefore, unlike exercise, its success is less 
contingent on the patient’s mobility, disability, and level 
of motivation. There are very few situations in which IC 
is unsafe or otherwise not recommended– these include 
instances such as injury or severe peripheral vascular 
disease (PVD). In comparison to exercise IC also has 
fewer modifiable parameters for its application, the most 
pertinent of which is the timing of the therapy.

Timing and safety
One study evaluated the effect of nearly immediate 
poststroke intervention with IC by employing 
remote ischemic therapy for patients with acute 
ischemic stroke as early as the prehospital setting. 
This practice was deemed to yield no adverse events 
and tissue diffusion analysis results after 3 months 
demonstrated a lower risk of infarction as well as overall 
neuroprotection.[23] Similarly, England et al. initiated 

4 cycles of remote ischemic conditioning (RIC) within 
24 h of ischemia in patients with acute ischemic stroke 
and indicated that RIC may improve neurological 
outcome and reduce ischemic event rate as evidenced by 
a significant improvement in NIHSS score and a trend to 
fewer vascular events by 90 days after stroke.[24]

The timeframe for effective IC can also predate the 
cerebrovascular event, as ischemic preconditioning has 
been shown to be effective. Ischemic preconditioning 24, 
48, or 72 h before stroke reduced infarct volumes and 
led to better neurological outcomes.[25,26] Interestingly, 
the benefits of preconditioning are also observed in 
patients with PVD, and thus those who have chronic 
remote hypoperfusion of the distal limbs akin to 
remote IC. Indeed, these poststroke patients were 
found to have significantly more favorable outcomes 
at discharge, lower NIHSS scores, and lower mortality 
rates.[27,28] This finding is significant to stroke patients, 
who often have comorbidities like atherosclerosis, PVD, 
and hypertension.

Finally, very delayed IC has also been demonstrated 
to have considerable effects. IC administered 7 days 
after stroke significantly reduced long‑term brain 
injury in rodents.[29] Similarly, a study found that 
daily RIC for 300 days in stroke patients was more 
effective in increasing the modified Rankin Scale score 
and improving the rate of recovery than the control 
group, indicating a potentially additive long‑term effect 
of repeated therapy.[30]

The above findings suggest that IC has a broad temporal 
range for its application, as the study provides evidence 
of safe and effective rehabilitation before, in the hours 
following, and long after the cerebral ischemic event. 
Other studies have corroborated the findings that 
repeated RIC effectively and safely reduces the risk of 
recurrent stroke and support the hypothesis that the 
brain demonstrates remodeling that may protect against 
continued ischemia.[31‑33]

Rehabilitative benefits
Since the literature surrounding the clinical uses for IC 
in the context of stroke rehabilitation is still relatively 
sparse, it may also be apropos to discuss the scope of 
the benefits of IC that have been observed. Patients 
who underwent remote limb IC for either 6 months or 
1 year had significantly higher total MoCA scores, 
and therefore fewer cognitive impairments, than their 
control counterparts.[32,34] Additionally, patients who 
underwent remote limb IC for 6 months were better 
able to accomplish their activities of daily living, which 
is a vital component of poststroke rehabilitation and a 
major indicator of the quality of life.[34] They also scored 
higher in various assessments of cognition, including 
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shorter P300 latencies, lower scores in poststroke 
cognitive impairment.[34] RCT performed shortly after 
ischemic stroke was also shown to significantly reduce 
90‑day NIHSS scores.[24,35] Evidently, the benefits of 
RIC in the stroke patient are broad and the evidence 
suggests that it can improve quality of life and reduce 
disability scores.

Combining Both Therapies

The discussion of the strengths and weaknesses of 
exercise and RIC provokes the notion that they could be 
combined to produce an optimized combination therapy 
for poststroke patients. We previously examined the 
novel therapy of RIC with Exercise (RICE), in which 
RIC is initiated very soon after ischemic stroke and 
exercise at a later time, thus using appropriate temporal 
adjustments to maximize the therapeutic potential of 
both therapies.[36,37] Our research and original findings 
suggest that RICE may have additional benefits in 
contrast with RIC or exercise monotherapy in stimulating 
neuroplasticity, synaptogenesis, and angiogenesis after 
ischemic stroke. Furthermore, from a clinical perspective, 
the data suggests that RICE may be more successful 
in causing long‑term functional improvements in 
sensorimotor, learning, and memory domains. Clearly, 
RICE may be a valid method to marry the strengths of 
exercise and remote ischemic therapy. However, this 
data is preliminary and more research into this therapy 
is needed to make definitive conclusions.

Conclusion

Exercise is commonly accepted as a primary means of 
poststroke rehabilitation and its benefits are broad. We 
report here that various types and intensities of exercise 
conditioning can improve cognition and memory. 
However, the clinical application of exercise therapy is 
complicated by its dependence on patient activity and 
motivation level, which are often compromised after 
stroke. The use of exercise therapy also has temporal 
constraints that can render its application deleterious 
to clinical progress. IC has emerged in the sphere of 
ischemic stroke rehabilitation as a more passive option 
that is less physically taxing for the patient. The evidence 
surfaced in the present review suggests that IC has 
similar clinical benefits to exercise but that these can be 
achieved within a broader temporal window, including 
in the hours immediately following stroke. This is a 
valuable conclusion for the stroke community and 
suggests that a dual regimen using both therapies within 
their optimal time frame could be combined to maximize 
therapeutic potential, which we have previously named 
RICE. Our future studies will continue to examine the 
safety and clinical efficacy of combining IC and exercise 
therapy.
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