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Optimal rehabilitation strategies for 
early postacute stroke recovery: An 
ongoing inquiry
Yanna Tong1,2, Yuchuan Ding3, Zhenzhen Han1,2, Honglian Duan1,2, Xiaokun Geng1,2

Abstract:
Early rehabilitation is crucial in reducing stroke-related disability, but the optimal training model remains 
unclear. We conducted a trial comparing different initiation timings and intensities of mobilization 
strategies after stroke. Results showed that early intensive mobilization had favorable outcomes 
at 3 months post-stroke, while very early intensive mobilization had poorer chances of favorable 
outcomes. Our investigation into brain injury mechanisms induced by very early exercise within 24 
hours of stroke onset aligned with guidelines advising against high-dose very early mobilization. 
Additionally, we are studying the effects of various exercise intensities and frequencies on early 
stroke rehabilitation. Integrated rehabilitation models, such as combining remote ischemic conditioning 
(RIC) with exercise (RICE), hold promise. Our study found RICE to be safe and feasible for early 
rehabilitation of acute ischemic stroke patients, and further research is underway to determine its 
efficacy in a larger sample size. Despite extensive research, identifying the most effective early 
recovery strategies remains a complex challenge, necessitating ongoing work in the field of early 
rehabilitation after stroke.
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Introduction

In recent decades, substantial advancements 
have been achieved in managing acute 

ischemic stroke (AIS) patients, leading 
to a significant reduction in mortality 
rates.[1‑4] However, as mortality rates decline, 
the disability burden among stroke survivors 
increases.[5] Rehabilitation is a crucial 
component in managing cerebrovascular 
diseases, which effectively reduces disability 
rates in stroke patients. Neuroplasticity, 
which has the most significant potential to 
enhance motor recovery, occurs primarily 
during the early stages after a stroke.[6] 
Consequently, interventions that encourage 
neuroplasticity soon after a stroke could 

unleash maximum potential to boost motor 
recovery in poststroke individuals.[7] Early 
rehabilitation after a stroke is advocated by 
the current stroke rehabilitation guidelines,[8] 
but an ideal rehabilitation training strategy 
has yet to be determined.[8,9] This lack of 
consensus has become a critical obstacle in 
practical clinical rehabilitation.

Optimal Timing and Intensity for 
Poststroke Rehabilitation

The ideal time to initiate mobilization after 
an AIS remains to be determined and has 
been a focal point of research. To deal with 
this issue, we performed a randomized 
controlled trial (RCT) from 2015 to 2017, 
comparing very early mobilization to early 
mobilization and intensive mobilization 
to routine mobilization.[10] Very early 
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mobilization commenced in 24 h after stroke attack, 
whereas early mobilization typically occurred 24–
48 h postattack. Intensive mobilization protocols 
involved ≥3 h/day of mobilization, whereas 
routine protocols involved <1.5 h/day. Mobilization 
interventions consisted of out‑of‑bed activities with or 
without assistance, such as sitting, standing, and walking. 
A modified Rankin Scale (mRS) score of 0–2 at 3 months 
poststroke was determined as a satisfactory result. In 
addition, a total of 300 patients were assigned equally 
to three groups with random: Very Early Intensive 
Mobilization (VEIM), Early Routine Mobilization (ERM), 
and Early Intensive Mobilization (EIM). Our trial results 
revealed that patients in the EIM group experienced the 
most favorable 3‑month outcomes, followed by those in 
the ERM group, with the VEIM group having the poorest 
likelihood of favorable outcomes. Concurrently, we 
investigated brain injury mechanisms induced by very 
early exercise using rat stroke models. We discovered 
that very early exercise could increase nicotinamide 
adenine dinucleotide phosphate oxidase (NOX) 
activity and the expression of subunit protein, worsen 
oxidative stress damage. Additionally, it stimulated 
the release of cytokine release [e.g., interleukin‑1β (IL‑
1β) and interleukin-6 (IL-6)], triggering inflammatory 
responses. Furthermore, it upregulated pro‑apoptotic 
proteins (e.g., Caspase‑3), inducing cell apoptosis, while 
downregulating neurovascular remodeling proteins 
[e.g., synaptophysin (SYP)][11‑14]; moreover, very early 
exercise inhibited hypoxia inducible factor‑1α (HIF‑1α) 
degradation and promoted incomplete gluconeogenesis, 
resulting in exacerbated lactic acidosis and oxidative 
stress injury.[15,16] It also amplified endoplasmic 
reticulum stress and activated the CCAAT‑enhancer 
binding protein (C/EBP)-homologous protein (CHOP) 
and Caspase‑12 mediated apoptosis pathway, further 
aggravating brain injury.[17]

Our clinical trial findings align with the largest and 
most evidence‑based RCT on early rehabilitation of 
stroke to date, the A Very Early Rehabilitation Trial.[18] 
Consequently, the 2018 guidelines for early management 
of AIS patients from the American Heart Association/
American Stroke Association[19] explicitly advised against 
high‑dose, very early mobilization within 24 h of stroke 
onset, as it could decrease the chance of favorable 
outcomes at 3 months. While numerous trials have aimed 
to determine the optimal time to initiate mobilization after 
a stroke,[20‑22] the ideal time window for early mobilization 
initiation remains uncertain. Currently, a randomized, 
3‑arm parallel group, multicenter clinical trial called 
“TIME”[23] is being conducted across 57 comprehensive 
hospitals in Chinese mainland. Participants with acute 
ischemic cerebral infarction are randomly settled into 
one of the following groups: (1) very early mobilization, 
with mobilization initiated within 24 h of an AIS; (2) early 

mobilization, with mobilization beginning at 24–72 h 
poststroke; or (3) late mobilization, with mobilization 
starting 72 h poststroke. Disability or death, evaluated 
by mRS at 3‑month poststroke, is considered the primary 
outcome. We anticipate that the study’s findings will 
provide valuable insights into the optimal time for 
initiating poststroke rehabilitation in the future.

Furthermore, the dosage of rehabilitation procedures 
is crucial for patient outcomes. High‑dose mobilization 
within 24 h poststroke has been linked to a decreased 
chance of favorable outcomes at 3 months. However, the 
impact of lower‑dose very early mobilization remains 
uncertain. Limited literature exists on this topic, and the 
optimal intensity for very early poststroke mobilization is 
yet to be determined. Our team is currently investigating 
the effects of different mobilization intensities and 
frequencies on early stroke rehabilitation. Our research 
findings may help enhance understanding of the optimal 
mobilization intensity following AIS.

Combining Rehabilitation Strategies

Rehabilitation plays a crucial role in reducing disability 
caused by stroke and should be initiated early.[8,19,24] 
Exercise, particularly mobilization, targets the recovery 
of active grip, sitting, standing, and walking activity, 
either with or without assistance, in the acute phase 
following a stroke.[18] While exercise is an established 
cornerstone of effective rehabilitation,[25] the choice 
of exercise, including gross or fine‑motor training, 
comprehensive systemic rehabilitation, or focused 
single‑limb rehabilitation, often depends on the 
specific needs, tolerance, and capabilities of the patient. 
Determining which type yields the most significant 
benefits remains an ongoing area of exploration. Exercise 
training is restricted in clinical application due to the 
potential exacerbation of cerebral injury during very 
early stages and patients’ unstable conditions and 
disabilities.[26] This leaves an unoccupied period during 
early stroke recovery, hindering the full realization of 
early rehabilitation’s theoretical benefits. Therefore, it 
is essential to explore feasible rehabilitation strategies 
which can be applied safely during the early periods of 
stroke recovery.

Remote ischemic conditioning (RIC) is a noninvasive 
and inexpensive novel neuroprotective therapy, which is 
simple and easy to operate.[24,27] RIC triggers endogenous 
protective mechanisms by inducing transient sublethal 
ischemia in the distal limbs through controlled blood flow 
restriction, protecting vital organs (e.g. brain, heart, and 
kidney) from severe lethal ischemic injury.[28‑30] RIC has 
been proven to work through biochemical mechanisms 
similar to exercise, with a broader range of time window 
including hours after a stroke.[31,32] In addition, RIC 
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can be applied passively to patients and rely less on 
patient mobility, disability, as well as motivation[32] 
and, thus, feasible for patients regardless of their 
clinical presentation. RIC seems to be an appropriate 
strategy for very early, even hyperacute periods of 
stroke rehabilitation when patients may not be able to 
endure high‑intensity exercise or other rehabilitation 
protocols.[33]

The complementary benefits and disadvantages of RIC 
and exercise indicate they could be integrated to be an 
optimized strategy for AIS patients. Consequently, we 
developed a novel strategy of early stroke rehabilitation 
to maximize the therapeutic potential of both therapies, 
named RICE (RIC + Exercise), in which RIC is started 
shortly afterward an ischemic stroke onset and exercise 
follows subsequently.[24,28,33] We performed a pilot 
clinical research to estimate the security and feasibility 
of the RICE strategy.[34] The trial compared the RICE 
strategy (RIC protocol combined with exercise) with 
a sham‑RICE strategy (sham‑RIC protocol combined 
with exercise). The RIC protocol interventions included 
five cycles of ischemia and reperfusion of both upper 
limbs, with cuff inflation to 200 mmHg for 5 min for 
ischemia, followed by cuff deflation for an additional 
5 min for reperfusion. The procedure of the sham‑RIC 
protocol was the same as that of the RIC group, except 
that the inflation pressure was 60 mmHg. All 40 
enrolled participants were equally settled to either the 
sham‑RICE or RICE group at random. The sham‑RIC or 
RIC intervention was initiated within 24 h after stroke 
attack or symptom deterioration and repeated once 
daily for 14 consecutive days. An exercise protocol was 
initiated from the 4th day in both groups, twice a day, 
for 11 days in total. Our study results demonstrated that 
RICE could be safely implemented and was feasible for 
AIS subjects, which appears to be a promising strategy 
for early rehabilitation of AIS. A further multicenter RCT 
with a larger sample size to determine RICE’s efficacy is 
in progress currently.

Conclusion

The period soon after ischemic stroke onset is critical 
for recovery, and early rehabilitation plays a vital 
role in reducing stroke‑related disability. Although 
considerable effort has been made to determine the 
optimal timing and dosage of current interventions, no 
universally accepted model of poststroke rehabilitation 
exists. Early rehabilitation holds significant potential 
beyond just ischemic stroke subjects. It is increasingly 
being recognized as a critical intervention for those 
who have suffered from hemorrhagic stroke, traumatic 
brain injury,[35] as referenced in PMID: 36321858, and 
subarachnoid hemorrhage,[36] as detailed in PMID: 
37082756. For all these varied neurological impairments, 

determining the most effective early rehabilitation 
strategy remains a complex challenge, underscoring 
the need for comprehensive studies across different 
neurological conditions. Thus, conducting clinical 
studies aimed at addressing this issue is of paramount 
importance for the field of neurorehabilitation. 
Expanding our understanding of the most effective 
rehabilitation strategies will ultimately lead to improved 
patient outcomes and contribute to the development 
of evidence-based guidelines for poststroke care. By 
continuing to refine and optimize rehabilitation practices, 
health‑care professionals will be better equipped to help 
stroke survivors regain their functional abilities and 
achieve the highest possible quality of life.
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