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Synergistic effects of early sequential enhanced external counterpulsation and electric tilt table training on functional recovery in ischemic stroke: study protocol of a randomized controlled trial
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Background: Ischemic stroke remains a leading cause of disability worldwide. Early rehabilitation is crucial for functional recovery. Electric tilt table (ETT) training improves motor and balance function and facilitates early mobilization in bedridden patients, but its use is often limited by orthostatic hypotension (OH). Enhanced external counterpulsation (EECP), a noninvasive circulatory support technique, has shown benefits in cardiovascular and cerebrovascular diseases by improving vascular function and cardiac output. Given its hemodynamic effects, EECP may enhance tolerance to verticalization. However, whether early sequential application of EECP followed by ETT training improves functional recovery after ischemic stroke remains unclear. This study aims to determine whether this sequential strategy improves neurological and functional recovery while reducing symptomatic orthostatic hypotension in patients with ischemic stroke.

Methods: This single-center, randomized controlled clinical trial will be conducted at Beijing Rehabilitation Hospital, Capital Medical University. A total of 104 participants with ischemic stroke within 3 months of onset will be enrolled and randomly allocated in a 1:1 ratio to either the ETT training group (conventional rehabilitation plus once-daily 30-min ETT training) or the sequential EECP - ETT training group (conventional rehabilitation plus once-daily 60-min EECP immediately followed by 30-min ETT training). Both interventions will be delivered 5 days per week for 7 weeks. The primary outcome is overall neurological function at week 7, assessed by the National Institutes of Health Stroke Scale (NIHSS). Secondary outcomes include the incidence of symptomatic OH during ETT training sessions, motor function (Fugl-Meyer Assessment, FMA), balance (Berg Balance Scale, BBS), swallowing (Modified Mann Assessment of Swallowing Ability, MMASA), activities of daily living (Barthel Index, BI), and noninvasive hemodynamic parameters (cardiac index, stroke volume, systemic vascular resistance index) assessed at week 7. Outcome assessments will be performed by blinded evaluators. Safety will be monitored throughout the study period.

Discussion: This study will evaluate the sequential application of EECP and ETT in early ischemic stroke rehabilitation. The findings will clarify whether this strategy safely alleviates symptomatic orthostatic hypotension and promotes overall functional recovery, potentially offering an effective and integrative approach for early stroke intervention.

Trial registration: http://www.chictr.org.cn, Chinese Clinical Trial Registry, ChiCTR2400083761. Registered on April 30, 2024.
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Background

Ischemic stroke remains a major public health challenge worldwide, characterized by high incidence, substantial disability, and considerable mortality (1, 2). While early systematic rehabilitation is essential for functional recovery, traditional motor therapies offer limited efficacy (3, 4). For bedridden patients, early verticalization is imperative to restore consciousness, activate musculature, and improve motor stability (5–7). Although the electric tilt table (ETT) training is a standard tool for verticalization, its utility is often constrained by orthostatic hypotension (OH) (8–11). OH is common during inpatient stroke rehabilitation, affecting nearly half of patients; symptomatic OH occurs in approximately one-third of patients (12). Because ETT training involves progressive verticalization, OH may be precipitated or exacerbated during training. Symptomatic OH is of particular concern because it may interrupt rehabilitation sessions, limit tolerance to early mobilization, and compromise rehabilitation progress (13). Given the lack of definitive treatments for OH, targeted pre-conditioning strategies are required to enhance orthostatic tolerance (14).

Enhanced external counterpulsation (EECP) is a noninvasive circulatory support technique that augments venous return and cardiac output, improving perfusion to the heart and brain (15–18). Beyond its established therapeutic benefits, EECP’s hemodynamic effects suggest potential as a pre-conditioning strategy. By stabilizing vascular tone and increasing systemic perfusion prior to verticalization, EECP may mitigate OH and improve tolerance to ETT training (19). However, evidence regarding the sequential integration of these modalities remains scarce.

Consequently, we hypothesize that the early sequential application of EECP followed by ETT training synergistically promotes neurological and functional recovery in patients with ischemic stroke. This study aims to evaluate the clinical feasibility, efficacy, and safety of this integrative approach. We will assess its impact on neurological, motor, balance, and swallowing functions, alongside activities of daily living and noninvasive hemodynamic parameters (Figure 1). If validated, this strategy could optimize rehabilitation efficiency, providing evidence for a safe and accelerated early recovery pathway in stroke patients.
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FIGURE 1
 Conceptual framework of the study design. BBS, Berg Balance Scale; BI, Barthel Index; CI, Cardiac Index; EECP, Enhanced External Counterpulsation; ETT, Electric tilt table; FMA, Fugl-Meyer Assessment; MMASA, Modified Mann Assessment of Swallowing Ability; NIHSS, National Institutes of Health Stroke Scale; SV, Stroke Volume; SVRI, Systemic Vascular Resistance Index.




Methods


Study design

This single-center, randomized controlled clinical trial will be conducted at Beijing Rehabilitation Hospital, Capital Medical University, and has been registered with the Chinese Clinical Trial Registry (ChiCTR2400083761). The protocol adheres to the Standard Protocol Items: Recommendations for Interventional Trials guidelines (20), the Declaration of Helsinki (21). It has been approved by the institutional Ethics Committee and will be overseen by the Department of Scientific Research Management of the Beijing Rehabilitation Hospital, Capital Medical University. Following the acquisition of written informed consent, enrolled participants will undergo a 7-week study period. The detailed trial workflow is depicted in Figure 2.

[image: Flowchart diagram outlining a clinical trial process: participants are screened for eligibility, excluded if criteria are not met, randomized into two groups of fifty-two each, receiving either electric tilt table training or sequential EECP with tilt table training for seven weeks, followed by outcome measures assessing neurological function, incidence of orthostatic hypotension, motor function, balance, swallowing, daily living activities, and noninvasive hemodynamic parameters.]

FIGURE 2
 Study flowchart of trial process. BBS, Berg Balance Scale; BI, Barthel Index; CI, Cardiac Index; EECP, Enhanced External Counterpulsation; FMA, Fugl-Meyer Assessment; MMASA, Modified Mann Assessment of Swallowing Ability; NIHSS, National Institutes of Health Stroke Scale; SV, Stroke Volume; SVRI, Systemic Vascular Resistance Index.




Participants

Patients diagnosed with ischemic stroke undergoing rehabilitation at Beijing Rehabilitation Hospital, Capital Medical University, will be screened for eligibility.

Eligible participants must meet all of the following inclusion criteria: (1) aged ≥ 18 years; (2) first-ever stroke, or recurrent stroke without residual limb motor or consciousness deficits attributable to the previous stroke, with onset time <3 months; and (3) provision of written informed consent by the patient or a legally authorized representative.

Candidates will be excluded from the study if they meet any of the following criteria: (1) hemorrhagic disorders or the use of oral anticoagulants posing a bleeding risk; (2) rheumatic heart disease; (3) moderate-to-severe aortic regurgitation and/or stenosis; (4) aortic dissection, thoracoabdominal/cerebral aneurysm, or vascular malformation; (5) moderate-to-severe pulmonary hypertension, right ventricular dysfunction, or decompensated left heart failure; (6) uncontrolled severe hypertension (blood pressure >170/110 mmHg); (7) uncontrolled arrhythmias, (e.g., frequent premature contractions, ectopic tachycardia, second- or third-degree atrioventricular block, or other clinically significant rhythm disturbances); (8) active thrombophlebitis or deep vein thrombosis; (9) local skin infection or moderate-to-severe edema at the cuff placement sites; (10) severe symptomatic peripheral vascular disease or prior lower-limb arterial stenting implantation; (11) active malignancy; or (12) pregnancy.

Eligibility will be determined by the investigators based on participants’ medical history, review of medical records, routine laboratory tests, and pre-enrolment clinical assessments. All participants will undergo electrocardiography, 24-h Holter monitoring, transthoracic echocardiography, and lower-extremity vascular ultrasonography before enrolment. Additional examinations will be performed when clinically indicated to confirm eligibility or exclude potential contraindications.

Participants will be withdrawn from the trial under any of the following conditions: (1) withdrawal of informed consent; (2) requirement for prohibited concomitant therapies or procedures that may confound study outcomes; or (3) loss to follow-up or relocation precluding scheduled assessments.



Randomization and blinding

Enrolled participants will be randomly assigned in a 1:1 ratio to either the ETT training group (receiving conventional rehabilitation combined with ETT training) or the sequential EECP-ETT training group (receiving conventional rehabilitation combined with sequential EECP followed by ETT training). The randomization sequence will be computer-generated by an independent statistician using SPSS software, employing a variable block randomization design. Randomization will not be stratified according to any baseline characteristics. To ensure strict allocation concealment, sequentially numbered, opaque, sealed envelopes will be utilized. Due to the physical nature of the interventions, blinding of participants and administering therapists is unfeasible. However, to minimize detection bias, all outcome assessors and data analysts will remain strictly blinded to the group assignments throughout the trial.



Clinical data collection

Comprehensive baseline data will be collected for all enrolled participants, encompassing the following categories:

Demographic characteristics: age, sex, height, and weight (with body mass index [BMI] calculated accordingly).

Stroke-related specifications: date of ischemic stroke onset, infarct location, history of reperfusion therapy (e.g., intravenous thrombolysis or mechanical thrombectomy), and related surgical interventions (e.g., decompressive craniectomy).

Comorbidities: presence of hypertension, diabetes mellitus, myocardial infarction, cardiomyopathy, and specific arrhythmias.

Current medications: use of antiplatelet agents, anticoagulants, statins, antihypertensive, and neurotrophic/neuroprotective agents.

Vital signs: body temperature, blood pressure, heart rate and rhythm, respiratory rate, and peripheral oxygen saturation.

Laboratory parameters: white blood cell count, neutrophil percentage, hemoglobin, platelet count, interleukin-6, C-reactive protein, procalcitonin, D-dimer, B-type brain natriuretic peptide, alanine aminotransferase, aspartate aminotransferase, serum creatinine, blood urea nitrogen, albumin, and prealbumin.



Rehabilitation assessments

Rehabilitation assessments will be performed across multiple domains, including consciousness, cognitive and language function, motor and sensory function, swallowing ability, hemodynamic status, bladder and bowel function, activities of daily living, and psychological status. The following standardized instruments will be specifically utilized: the National Institutes of Health Stroke Scale (NIHSS) for neurological impairment (22, 23), the Fugl-Meyer Assessment (FMA) for motor function (24), the Berg Balance Scale (BBS) for balance function (25), the Modified Mann Assessment of Swallowing Ability (MMASA) for deglutition (26), and the Barthel Index (BI) for activities of daily living (27). Additionally, noninvasive hemodynamic parameters will be evaluated via an assessment system based on thoracic electrical bioimpedance (28, 29).



Interventions

All participants will receive standard of care, consisting of conventional rehabilitation therapy and comprehensive nursing care. Specific interventions related to the study groups will be administered in addition to this baseline therapy.

Monitoring and Nursing Care: Participants will undergo continuous clinical observation and hemodynamic monitoring. Standardized nursing protocols will be implemented, including the management of indwelling catheters, anti-spasticity limb positioning, nutritional support, medication reconciliation, and psychological counseling.

Rehabilitation therapy: Personalized rehabilitation programs will be formulated by a multidisciplinary team, incorporating data from physical examinations, laboratory results, and functional assessments. Depending on clinical indications, therapeutic modalities may include acupuncture, Chinese therapeutic massage (Tuina), swallowing therapy, cognitive rehabilitation, and speech-language interventions. Neurological status and functional progress will be systematically reassessed to titrate treatment intensity and adjust rehabilitation plans accordingly.

Communication and education: To ensure treatment adherence, clinicians will provide structured health education to patients and their caregivers, covering disease progression and safety precautions. Formal informed consent will be obtained prior to the initiation of each specific therapeutic modality.


	1. ETT training group



Prior to the intervention, participants will be briefed on the principles and safety precautions of the ETT training to alleviate anxiety and optimize compliance. Patients will be positioned supine on the tilt table, with the thorax, pelvis, and knees secured by safety straps. A support board will be utilized for upper limbs stabilization, while the lower limbs remain extended with the feet resting firmly against the footboard. Participants will be instructed to maintain a relaxed, neutral posture throughout the procedure.

The training will initiate at a tilt angle of 30°. Following an initial 15-min tolerance period, the angle will be increased in increments of 10–15°, as tolerated by the patient. Each session will last 30 min, performed once daily, 5 days per week. Both the tilt angle and duration will be progressively adjusted based on the patient’s functional recovery. The primary therapeutic goal is to achieve tolerance of a 90° vertical position for 30 min without adverse symptoms or discomfort.

For safety monitoring, hemodynamic and respiratory parameters, including systolic blood pressure, diastolic blood pressure, mean arterial pressure, heart rate, and oxygen saturation, will be recorded prior to each session, monitored continuously during training, and recorded again immediately upon completion of the session.


	1. Sequential EECP - ETT training group



Participants in this group will receive EECP therapy followed by ETT training in a sequential manner.

EECP therapy will be initiated following standard equipment calibration and safety checks (including cuff integrity and system initialization). Electrodes will be positioned at designated precordial sites to ensure stable ECG triggering, and a digital plethysmographic pulse oximeter will be attached for real-time hemodynamic monitoring. Participants will be positioned supine, with pressure cuffs wrapped sequentially around the calves, lower thighs, and upper thighs/buttocks, ensuring the coccyx is correctly aligned.

EECP inflation pressure will start at the minimum effective level and be incrementally uptitrated to the target therapeutic range over 3–5 sessions, adjusted for individual subcutaneous fat and muscle mass. In this study, the target inflation pressure is 150 mmHg. Treatment efficacy will be optimized by adjusting the inflation/deflation pressure and timing to maintain a diastolic-to-systolic augmentation ratio (D/S ratio) > 1.2 and a diastolic-to-systolic area ratio (DP/SP ratio) of 1.5–2.0. Each session will last 60 min, though duration may be reduced based on patient tolerance. Training will be conducted 5 h per week for 7 weeks, totaling 35 sessions.

Electric tilt table training will be initiated exactly 15 min after the completion of each EECP session. Systolic and diastolic blood pressure, mean arterial pressure, heart rate, and oxygen saturation will be recorded before, during, and after both EECP and ETT training.

Safety considerations: Potential transient adverse effects associated with EECP and ETT training include lower-limb discomfort, skin erythema or abrasion at the cuff contact sites, transient headache, dizziness, nausea, excessive sweating, orthostatic intolerance, and syncope. All adverse events will be documented throughout the study and managed according to predefined safety procedures. Participants who develop serious or intolerable intervention-related adverse events (e.g., refractory orthostatic hypotension, persistent arrhythmias, decompensated heart failure, or syncope requiring medical evaluation) or new contraindications to EECP or ETT (e.g., incident venous thrombosis or progression of aortic regurgitation), as determined by the investigators, will discontinue the study intervention. Unless they withdraw informed consent, these participants will continue scheduled follow-up assessments according to the study protocol. Training (either EECP or ETT) will be immediately discontinued if any of the following clinical conditions occur: marked fatigue, acute pain, agitation, profuse sweating, palpitations, chest tightness or angina, dyspnea, heart rate ≥120 bpm or ≤40 bpm, systolic blood pressure >180 mmHg or <90 mmHg, respiratory rate ≥35 breaths/min, oxygen saturation <90%, new-onset arrhythmias, or dynamic ST–T segment changes. Standardized medical management will be promptly initiated.



Assessment schedule and retention strategies

Baseline assessments will be performed upon enrollment. Post-intervention assessments will be conducted immediately following the completion of the 7-week treatment period. All scheduled evaluations will be executed according to the predefined study timeline and standardized protocols. To enhance participant adherence and ensure data integrity, the research team will implement a proactive engagement strategy. This includes longitudinal monitoring through bedside visits (for inpatients) and regular telephonic follow-ups (for discharged patients or caregivers). These interactions are designed to monitor recovery progress, mitigate potential attrition (dropout), and promptly address any concerns or queries regarding the study procedures. Measures to minimize missing data will include double-checking assessment records and maintaining flexible scheduling for follow-up evaluations.



Outcomes

The outcome measures were selected to evaluate the potential clinical benefits of the sequential EECP-ETT strategy within a comprehensive rehabilitation program. As the proposed sequential intervention is intended to improve orthostatic tolerance and facilitate early verticalization, its potential benefits are expected to extend beyond immediate hemodynamic effects to multiple domains of functional recovery commonly affected after stroke. The primary outcome is neurological function at week 7, assessed by the NIHSS. NIHSS was selected as the primary endpoint because it comprehensively reflects overall neurological recovery, which is the ultimate goal of early stroke rehabilitation beyond immediate hemodynamic improvements. Secondary outcomes include the incidence of symptomatic OH, recorded continuously during all ETT training sessions throughout the 7-week intervention. OH is defined as a systolic blood pressure drop ≥ 20 mmHg, a diastolic drop ≥ 10 mmHg, or the onset of hypotensive symptoms within 3 min of tilting (30). Additional secondary outcomes, assessed at week 7 (Table 1), evaluate specific functional domains and hemodynamics, including motor function quantified by the FMA, balance function assessed by the BBS, swallowing ability via the MMASA, activities of daily living quantified by the BI, and noninvasive hemodynamic parameters, specifically cardiac index (CI), stroke volume (SV), and systemic vascular resistance index (SVRI).


TABLE 1 Outcome domains and measurement instruments.


	
Outcome domain

	
Measurement instrument

	
T0

	
T1


 


	Primary outcome


 	Neurological function 	National Institutes of Health Stroke Scale 	√ 	√



	Secondary outcomes


 	incidence of symptomatic orthostatic hypotension 	Noninvasive blood pressure monitor and clinical observation 	* 	*


 	Motor function 	Fugl-Meyer Assessment 	√ 	√


 	Balance function 	Berg Balance Scale 	√ 	√


 	Swallowing function 	Modified Mann Assessment of Swallowing Ability 	√ 	√


 	Activities of daily living 	Barthel Index 	√ 	√


 	Noninvasive hemodynamic parameters 	Thoracic electrical bioimpedance assessment system 	√ 	√





T0 baseline, T1 post-intervention (week 7). *The incidence of symptomatic orthostatic hypotension is monitored continuously during each ETT training session rather than at discrete T0/T1 timepoints.
 



Participant timeline

Timeline for participants’ enrolment, interventions, and assessments is shown in Table 2.


TABLE 2 Time schedule of enrolment, interventions and assessments.


	
	
Study period




	
Enrolment

	
Allocation

	
Post-allocation




	
Timepoint

	
-t1

	
t0

	
t1

	
t2

	
t3

	
t4

	
t5

	
t6

	
t7


 


	Enrolment


 	Eligibility screen 	X 	 	 	 	 	 	 	 	


 	Informed consent 	X 	 	 	 	 	 	 	 	


 	Allocation 	 	X 	 	 	 	 	 	 	



	Pre-treatment preparation


 	Rehabilitation assessments 	 	 	X 	 	 	 	 	 	



	Intervention


 	A: Electric tilt table training 	 	 	X 	X 	X 	X 	X 	X 	X


 	B: Sequential EECP-electric tilt table training group 	 	 	X 	X 	X 	X 	X 	X 	X



	Assessments


 	National Institutes of Health Stroke Scale 	 	 	X 	 	 	 	 	 	X


 	Symptomatic orthostatic hypotension 	 	 	X 	X 	X 	X 	X 	X 	X


 	Fugl-Meyer Assessment 	 	 	X 	 	 	 	 	 	X


 	Berg Balance Scale 	 	 	X 	 	 	 	 	 	X


 	Modified Mann Assessment of Swallowing Ability 	 	 	X 	 	 	 	 	 	X


 	Barthel Index 	 	 	X 	 	 	 	 	 	X


 	Noninvasive hemodynamic parameters 	 	 	X 	 	 	 	 	 	X


 	Safety 	 	 	X 	X 	X 	X 	X 	X 	X





t1–t7 correspond to intervention weeks 1–7; EECP, Enhanced External Counterpulsation.
 



Sample size estimation

Since there is limited literature evaluating the synergistic effects of this specific sequential intervention, the sample size was calculated based on our unpublished preliminary pilot study involving 18 participants (9 in each group). The mean NIHSS score at the end of the trial was 7.99 ± 3.82 in the ETT training group and 5.28 ± 2.16 in the sequential EECP-ETT training group, giving an expected difference (δ) of 2.71 with a standard deviation (σ) of 3.82. With a two-sided significance level (α) of 0.05, power (1–β) of 90%, and equal allocation (1: 1), the required sample size for each group was calculated using the formula:


n
=


2


(

z
α

+

z
β

)

2

∗

σ
2



δ
2




This calculation indicated that 42 participants per group were required (84 in total). Allowing for a 20% dropout rate, 52 participants will be recruited per group, for a total sample size of 104.



Statistical analysis

Continuous variables will be summarized as mean ± standard deviation if normally distributed or as median (interquartile range) otherwise. Categorical variables will be presented as frequencies and percentages. Group comparisons will be performed using the t-test for normally distributed continuous variables, the Wilcoxon rank-sum test for non-normally distributed data, and the chi-square or Fisher’s exact test for categorical variables. To account for potential baseline imbalances, group differences in primary and secondary outcomes at week 7 will be evaluated using Analysis of Covariance (ANCOVA), with the respective baseline scores included as covariates.

Analyses will be performed on both the intention-to-treat (ITT) and per-protocol (PP) populations, with the ITT set serving as the primary analysis population. Missing data in the ITT population will be handled using multiple imputation. Safety will be assessed in all participants receiving at least one intervention session. Adverse events and complications will be analyzed using chi-square or Fisher’s exact tests.

Exploratory subgroup analyses according to baseline stroke severity (baseline NIHSS score) will be performed to explore potential heterogeneity of treatment effects. Because the study is not powered for subgroup analyses, these analyses will be considered exploratory and interpreted cautiously.

All statistical analyses will be conducted using R software (version 4.2.2; R Foundation for Statistical Computing, Vienna, Austria). All tests will be two-sided with a significance level of 0.05. Statisticians will remain blinded to group allocation throughout the process.



Data collection and management

Baseline demographic and clinical characteristics will be recorded solely at enrollment, whereas functional assessments will be evaluated at both baseline and the end of the 7-week intervention period. Hemodynamic parameters (blood pressure, heart rate, mean arterial pressure, and oxygen saturation) will be monitored and documented before, during, and after each intervention session. All clinical data will be entered into standardized electronic Case Report Forms (eCRFs) by trained personnel. To ensure data integrity, a secure Electronic Data Capture (EDC) system will be utilized. Data quality will be guaranteed through real-time automated logic and range checks, supplemented by a double-data entry protocol and routine cross-validations by an independent data manager. To strictly protect patient confidentiality, all participants will be de-identified using unique study-assigned codes. The EDC system incorporates a comprehensive audit trial, logging all modifications with timestamps and operator identifications to ensure complete traceability. All documentation and data storage will rigorously comply with institutional and national data protection regulations.




Discussion

Early mobilization via ETT-mediated verticalization is an integral component of stroke rehabilitation, particularly for patients with severe motor deficits (31, 32). Transcending passive positioning, verticalization serves as a potent physiological stimulus that activates the reticular activating system to enhance arousal, heighten proprioceptive input, and facilitate orthostatic adaptation (33–35). Additionally, ETT training is a key clinical strategy to mitigate the sequelae of prolonged bed rest, such as cardiopulmonary deconditioning and venous stasis (36). However, its clinical utility is frequently constrained by OH. This failure of autonomic adjustment to gravitational stress often leads to training interruptions, thereby limiting mobilization intensity and potentially delaying functional recovery (37). Addressing this orthostatic barrier is therefore a clinical priority for optimizing rehabilitation outcomes.

Enhanced external counterpulsation offers a physiological solution to this dilemma. Building upon its established utility in cardiology, EECP theoretically establishes a ‘hemodynamic priming’ state in stroke patients through its mechanisms of diastolic augmentation and enhanced venous return (38–40). By increasing shear stress and improving endothelial function, EECP actively redistributes pooled blood from the splanchnic and lower-limb prior to gravitational challenge (41, 42). We hypothesize that this pre-conditioning stabilizes systemic vascular resistance and maintains sustained cerebral perfusion pressure during subsequent ETT training. EECP may enhance verticalization tolerance in terms of both duration and angle, thereby ensuring patients receive the optimal therapeutic intensity required for early recovery.

This trial is designed to provide preliminary clinical evidence regarding the sequential integration of these two modalities within a sequential framework. Unlike isolated therapies, the “EECP followed by ETT” strategy targets a synergistic effect: EECP optimizes the hemodynamic substrate, while ETT training capitalizes on this stability to maximize motor and neurological relearning. If this strategy successfully improves orthostatic tolerance and enables patients to tolerate earlier and more intensive verticalization training, benefits may extend beyond overall neurological recovery to multiple functional domains. Early verticalization may provide weight-bearing, proprioceptive input, and postural activation of the affected limb, thereby facilitating motor recovery and balance, which will be evaluated using the FMA and BBS. In addition, improved overall neurological recovery and earlier comprehensive rehabilitation may also contribute to better swallowing function and greater independence in activities of daily living, as assessed by the MMASA and BI. Because orthostatic intolerance and impaired mobilization may occur across a broad spectrum of patients during early stroke rehabilitation, the present trial does not restrict enrolment according to baseline stroke severity. Although patients with greater mobility impairment may derive greater benefit from improved orthostatic tolerance during verticalization training, patients with milder stroke may also benefit through enhanced participation in early rehabilitation. This study will not only verify the safety and feasibility of this integrative approach but also elucidate whether stabilizing hemodynamics correlates with superior functional outcomes. If successful, this sequential protocol could potentially refine the standard of care by defining a safe, accelerated pathway for early mobilization, thereby improving the management of bedridden ischemic stroke patients.

Several limitations to this study should be acknowledged. First, as a single-center randomized controlled trial, the generalizability of our findings to diverse clinical settings or more severe stroke populations may be limited. Future multi-center studies with larger, more heterogeneous cohorts are warranted to validate the efficacy of this sequential protocol. Second, while outcome assessors and data analysts will be blinded, the inherent nature of physical interventions such as EECP and ETT training precludes the blinding of participants and therapists, which may introduce potential performance bias. To mitigate this, standardized treatment protocols and objective outcome measures have been strictly implemented. Finally, the 7-week follow-up period focuses primarily on early subacute recovery; thus, the long-term sustainability of the observed functional improvements and their impact on chronic functional status remain to be elucidated in subsequent longitudinal studies.


Trial status

Patient recruitment is ongoing. This study adheres to protocol version 1.0. Following approval by the ethics committee, the finalized protocol was distributed to the study center managers and archived online to ensure transparency and systematic record-keeping. The first patient was enrolled in July 2024, and the trial is anticipated to be concluded by December 2026.




Ethics statement

Ethical clearance for this protocol was granted by the institutional Ethics Committee of Beijing Rehabilitation Hospital, Capital Medical University (ethical number: 2024bkky-058). Written informed consent is required and will be collected from every participant before any trial-specific interventions occur. To ensure privacy, the personal details of screened and participating individuals will be strictly protected and maintained in confidence at all stages of the study. Finally, the research outcomes, devoid of any personally identifiable information, will be shared with the broader scientific community via peer-reviewed publications and conference presentations.



Author contributions

LS: Conceptualization, Methodology, Project administration, Writing – original draft, Writing – review & editing. JM: Conceptualization, Formal analysis, Project administration, Supervision, Writing – original draft, Writing – review & editing. XH: Data curation, Formal analysis, Investigation, Supervision, Writing – review & editing. ZJ: Data curation, Formal analysis, Methodology, Supervision, Writing – review & editing. ZZ: Data curation, Investigation, Writing – review & editing. ZL: Data curation, Investigation, Writing – review & editing. YY: Data curation, Investigation, Writing – review & editing. XS: Data curation, Investigation, Writing – review & editing. CY: Data curation, Investigation, Writing – review & editing. WW: Data curation, Investigation, Writing – review & editing. YL: Data curation, Investigation, Writing – review & editing. TL: Formal analysis, Funding acquisition, Methodology, Project administration, Resources, Supervision, Writing – review & editing.



Funding

The author(s) declared that financial support was received for this work and/or its publication. The work was supported by the Capital’s Funds for Health Improvement and Research (grant number 2024-2-2251).


Conflict of interest

The author(s) declared that this work was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declared that Generative AI was not used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References
	 1. Feigin,VL, Norrving,B, and Mensah,GA. Global burden of stroke. Circ Res. (2017) 120:439–48. doi: 10.1161/CIRCRESAHA.116.308413, 
	 2. Feigin,VL, Krishnamurthi,R, Bhattacharjee,R, Parmar,P, Theadom,A, Hussein,T , et al. New strategy to reduce the global burden of stroke. Stroke. (2015) 46:1740–7. doi: 10.1161/STROKEAHA.115.008222
	 3. Bernhardt,J, Hayward,KS, Kwakkel,G, Ward,NS, Wolf,SL, Borschmann,K , et al. Agreed definitions and a shared vision for new standards in stroke recovery research: the stroke recovery and rehabilitation roundtable taskforce. Int J Stroke. (2017) 12:444–50. doi: 10.1177/1747493017711816, 
	 4. Westendorp,WF, Dames,C, Nederkoorn,PJ, and Meisel,A. Immunodepression, infections, and functional outcome in ischemic stroke. Stroke. (2022) 53:1438–48. doi: 10.1161/STROKEAHA.122.038867, 
	 5. Ancona,E, Quarenghi,A, Simonini,M, Saggini,R, Mazzoleni,S, De Tanti,A , et al. Effect of verticalization with Erigo(R) in the acute rehabilitation of severe acquired brain injury. Neurol Sci. (2019) 40:2073–80. doi: 10.1007/s10072-019-03917-0, 
	 6. Frazzitta,G, Zivi,I, Valsecchi,R, Bonini,S, Maffia,S, Molatore,K , et al. Effectiveness of a very early stepping verticalization protocol in severe acquired brain injured patients: a randomized pilot study in Icu. PLoS One. (2016) 11:e0158030. doi: 10.1371/journal.pone.0158030, 
	 7. Kumar,S, Yadav,R, and Aafreen,. Comparison between Erigo tilt-table exercise and conventional physiotherapy exercises in acute stroke patients: a randomized trial. Arch Physiother. (2020) 10:3. doi: 10.1186/s40945-020-0075-2, 
	 8. Treger,I, Shafir,O, Keren,O, and Ring,H. Orthostatic hypotension and cerebral blood flow velocity in the rehabilitation of stroke patients. Int J Rehabil Res. (2006) 29:339–42. doi: 10.1097/MRR.0b013e328010c87d, 
	 9. Baltz,MJ, Lietz,HL, Sausser,IT, Kalpakjian,C, and Brown,D. Tolerance of a standing tilt table protocol by patients an inpatient stroke unit setting: a pilot study. J Neurol Phys Ther. (2013) 37:9–13. doi: 10.1097/NPT.0b013e318282a1f0, 
	 10. Kim,CY, and Kim,HD. Effect of crossed-education using a tilt table task-oriented approach in subjects with post-stroke hemiplegia: a randomized controlled trial. J Rehabil Med. (2018) 50:792–9. doi: 10.2340/16501977-2376, 
	 11. Kim,CY, Lee,JS, Kim,HD, and Kim,JS. The effect of progressive task-oriented training on a supplementary tilt table on lower extremity muscle strength and gait recovery in patients with hemiplegic stroke. Gait Posture. (2015) 41:425–30. doi: 10.1016/j.gaitpost.2014.11.004, 
	 12. Kong,KH, and Chuo,AM. Incidence and outcome of orthostatic hypotension in stroke patients undergoing rehabilitation. Arch Phys Med Rehabil. (2003) 84:559–62. doi: 10.1053/apmr.2003.50040, 
	 13. Dromerick,A, and Reding,M. Medical and neurological complications during inpatient stroke rehabilitation. Stroke. (1994) 25:358–61. doi: 10.1161/01.str.25.2.358, 
	 14. Logan,A, Freeman,J, Pooler,J, Kent,B, Gunn,H, Billings,S , et al. Effectiveness of non-pharmacological interventions to treat orthostatic hypotension in elderly people and people with a neurological condition: a systematic review. JBI Evid Synth. (2020) 18:2556–617. doi: 10.11124/JBISRIR-D-18-00005, 
	 15. Li,B, Wang,W, Mao,B, Zhang,Y, Chen,S, Yang,H , et al. Hemodynamic effects of enhanced external Counterpulsation on cerebral arteries: a multiscale study. Biomed Eng Online. (2019) 18:91. doi: 10.1186/s12938-019-0710-x, 
	 16. Xu,K, Li,B, Liu,J, Chen,M, Zhang,L, Mao,B , et al. Model-based evaluation of local hemodynamic effects of enhanced external Counterpulsation. Comput Methods Prog Biomed. (2022) 214:106540. doi: 10.1016/j.cmpb.2021.106540, 
	 17. Chen,M, Li,B, Liu,Y, Xu,K, Mao,B, Zhang,L , et al. Treatment strategy of different enhanced external Counterpulsation frequencies for coronary heart disease and cerebral ischemic stroke: a hemodynamic numerical simulation study. Comput Methods Prog Biomed. (2023) 239:107640. doi: 10.1016/j.cmpb.2023.107640, 
	 18. Li,B, Liu,Y, Liu,J, Sun,H, Feng,Y, Zhang,Z , et al. Cerebral multi-autoregulation model based enhanced external Counterpulsation treatment planning for cerebral ischemic stroke. J Cereb Blood Flow Metab. (2023) 43:1764–78. doi: 10.1177/0271678X231179542, 
	 19. Fatima,HE, Cheng,YJ, and Chou,LW. Impact of enhanced external Counterpulsation treatment on cerebral blood flow and functional outcomes in ischemic stroke patients: a systematic review and Meta-analysis. QJM. (2026) 119:367–76. doi: 10.1093/qjmed/hcag010, 
	 20. Chan,AW, Tetzlaff,JM, Altman,DG, Laupacis,A, Gotzsche,PC, Krleza-Jeric,K , et al. Spirit 2013 statement: defining standard protocol items for clinical trials. Ann Intern Med. (2013) 158:200–7. doi: 10.7326/0003-4819-158-3-201302050-00583, 
	 21. World Medical A. World medical association declaration of Helsinki: ethical principles for medical research involving human subjects. JAMA. (2013) 310:2191–4. doi: 10.1001/jama.2013.281053
	 22. Kwah,LK, and Diong,J. National Institutes of Health stroke scale (Nihss). J Physiother. (2014) 60:61. doi: 10.1016/j.jphys.2013.12.012, 
	 23. Kasner,SE. Clinical interpretation and use of stroke scales. Lancet Neurol. (2006) 5:603–12. doi: 10.1016/S1474-4422(06)70495-1, 
	 24. Gladstone,DJ, Danells,CJ, and Black,SE. The Fugl-Meyer assessment of motor recovery after stroke: a critical review of its measurement properties. Neurorehabil Neural Repair. (2002) 16:232–40. doi: 10.1177/154596802401105171, 
	 25. Downs,S, Marquez,J, and Chiarelli,P. The berg balance scale has high intra- and inter-rater reliability but absolute reliability varies across the scale: a systematic review. J Physiother. (2013) 59:93–9. doi: 10.1016/S1836-9553(13)70161-9, 
	 26. Panjikaran,ND, Iyer,R, Sudevan,R, and Bhaskaran,R. Utility of modified Mann assessment of swallowing ability (Mmasa) in predicting aspiration risk and safe swallow in stroke patients. J Family Med Prim Care. (2022) 11:5123–8. doi: 10.4103/jfmpc.jfmpc_1628_21, 
	 27. Quinn,TJ, Langhorne,P, and Stott,DJ. Barthel index for stroke trials: development, properties, and application. Stroke. (2011) 42:1146–51. doi: 10.1161/STROKEAHA.110.598540, 
	 28. Smith,MA. Noninvasive hemodynamic monitoring with thoracic electrical bioimpedance. Crit Care Nurse. (1994) 14:56–9. doi: 10.4037/ccn1994.14.5.56, 
	 29. Meng,QL, Sun,Y, He,HJ, Wang,H, and Shan,GL. Non-invasive thoracic electrical bioimpedance technique-derived hemodynamic reference ranges in Chinese Han adults. Chin Med J. (2021) 134:2515–7. doi: 10.1097/CM9.0000000000001465, 
	 30. Ricci,F, De Caterina,R, and Fedorowski,A. Orthostatic hypotension: epidemiology, prognosis, and treatment. J Am Coll Cardiol. (2015) 66:848–60. doi: 10.1016/j.jacc.2015.06.1084
	 31. Daunoraviciene,K, Adomaviciene,A, Svirskis,D, Griskevicius,J, and Juocevicius,A. Necessity of early-stage verticalization in patients with brain and spinal cord injuries: preliminary study. Technol Health Care. (2018) 26:613–23. doi: 10.3233/THC-182508, 
	 32. Logan,A, Freeman,J, Kent,B, Pooler,J, Creanor,S, Vickery,J , et al. Standing practice in rehabilitation early after stroke (spires): a functional standing frame programme (prolonged standing and repeated sit to stand) to improve function and quality of life and reduce neuromuscular impairment in people with severe sub-acute stroke-a protocol for a feasibility randomised controlled trial. Pilot Feasibility Stud. (2018) 4:66. doi: 10.1186/s40814-018-0254-z, 
	 33. Rosenfelder,MJ, Helmschrott,VC, Willacker,L, Einhaupl,B, Raiser,TM, and Bender,A. Effect of robotic tilt table verticalization on recovery in patients with disorders of consciousness: a randomized controlled trial. J Neurol. (2023) 270:1721–34. doi: 10.1007/s00415-022-11508-x, 
	 34. Huebner,L, Warmbein,A, Scharf,C, Schroeder,I, Manz,K, Rathgeber,I , et al. Effects of robotic-assisted early mobilization versus conventional mobilization in intensive care unit patients: prospective interventional cohort study with retrospective control group analysis. Crit Care. (2024) 28:112. doi: 10.1186/s13054-024-04896-1, 
	 35. Kim,CY, Lee,JS, Kim,HD, Kim,J, and Lee,IH. Lower extremity muscle activation and function in progressive task-oriented training on the supplementary tilt table during stepping-like movements in patients with acute stroke hemiparesis. J Electromyogr Kinesiol. (2015) 25:522–30. doi: 10.1016/j.jelekin.2015.03.004, 
	 36. Laubacher,M, Perret,C, and Hunt,KJ. Work-rate-guided exercise testing in patients with incomplete spinal cord injury using a robotics-assisted tilt-table. Disabil Rehabil Assist Technol. (2015) 10:433–8. doi: 10.3109/17483107.2014.908246, 
	 37. Tam,PK, Ramamurthy,G, Rawat,L, Huang,S, and Lim,JH. Prevalence and outcomes of orthostatic hypotension in Hemorrhagic stroke patients during hospitalization. Neurol Int. (2024) 16:1878–86. doi: 10.3390/neurolint16060134, 
	 38. O'Rourke,MF, and Hashimoto,J. Enhanced external Counterpulsation why the benefit? J Am Coll Cardiol. (2006) 48:1215–6. doi: 10.1016/j.jacc.2006.06.036, 
	 39. Zhang,Y, Zhang,Y, Zhong,C, Wang,Y, Wei,W, and Wu,G. Effect of enhanced external Counterpulsation versus individual shear rate therapy on the peripheral artery functions. Sci Rep. (2024) 14:31197. doi: 10.1038/s41598-024-82485-6, 
	 40. Manchanda,A, and Soran,O. Enhanced external Counterpulsation and future directions: step beyond medical Management for Patients with angina and heart failure. J Am Coll Cardiol. (2007) 50:1523–31. doi: 10.1016/j.jacc.2007.07.024, 
	 41. Oyake,K, Mochida,A, Terashi,M, Hasegawa,M, Saito,A, Kondo,K , et al. Hemodynamic mechanisms underlying orthostatic hypotension in stroke survivors: a cross-sectional study. Top Stroke Rehabil. (2026) 33:184–95. doi: 10.1080/10749357.2025.2532442, 
	 42. Ye,S, Yang,M, Zhu,Y, Gao,X, Meng,F, Wu,R , et al. Numerical analysis of hemodynamic effect under different enhanced external Counterpulsation (Eecp) frequency for cerebrovascular disease: a simulation study. Comput Methods Biomech Biomed Engin. (2022) 25:1169–79. doi: 10.1080/10255842.2021.2005034, 


Copyright
 © 2026 Shi, Ma, Hu, Jin, Zhang, Liu, Yin, Sun, Yang, Wang, Liu and Liu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Synergistic effects of early sequential enhanced external counterpulsation and electric tilt table training on functional recovery in ischemic stroke: study protocol of a randomized controlled trial



		Background



		Methods



		Study design



		Participants



		Randomization and blinding



		Clinical data collection



		Rehabilitation assessments



		Interventions



		Assessment schedule and retention strategies



		Outcomes



		Participant timeline



		Sample size estimation



		Statistical analysis



		Data collection and management









		Discussion



		Trial status









		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		References



















OPS/images/fneur-17-1842199-g001.jpg
Electric tilt table (ETT) Enhanced External Counterpulsation (EECP), .
T o) e o) ‘”{’”c
« Improves motor and balance functions i * Increases venous return and cardiac output

+ Facilitates early mobilization and consciousness recovery * Improves blood perfusion to vital organs (heart and brain)
Limitations © * Stabilizes vascular tone (potential pre-conditioning)

+ Frequently hindered by orthostatic hypotension « Limitations

* Delays rehabilitation progress due to poor tolerance * Limited clinical evidence on sequential integration with ETT

Sequential EECP followed by ETT training

Hypothesis

* Exerts synergistic effects on neurological and functional recovery
+ Mitigates orthostatic hypotension

« Enhances patient tolerance to verticalization

* Optimizes overall rehabilitation efficiency.

b

Study Objective

V' Evaluate the feasibility, efficacy, and safety of the integrative approach. W

Outcomes -

*  Neurological function (NIHSS) (Primary Outcome) T\

+ Incidence of symptomatic orthostatic hypotension A ]
Motor function (FMA) ﬁﬂ

+ Balance function (BBS)

+ Swallowing function (MMA-SA)

+ Activities of daily living (BI)

+_ Noninvasive hemodynamic parameters (CI, SV, SVRI)






OPS/images/fneur-17-1842199-g002.jpg
Initial screening

Assessed for
eligibility

Baseline assessment
Randomization

Exclusion:

Meet exclusion criteria
Do not fulfill the inclusion
Refusal to participate

= 3
o g < Sequential EECP-
Electric tilt table training group el |icllt ‘able training group
(n=52) (=52

7 weeks treatment

Outcome measures.

Neurological function (NIHSS) Incidence of symptomatic orthostatic hypotension

Swallowing function (MMASA)

Motor function (FMA) Balance function (BBS)

Noninvasive hemodynamic parameters (CI, SV, SVRI) }

Activities of daily living (BI)






OPS/images/cover.jpg
& | frontiers
in Neurology

Synergistic eeff cts of early
sequential enhanced external
counterpulsation and electric tilt
table training on functional
recovery in ischemic stroke: study
protocol of a randomized
controlled trial












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
frontiers
in Neuroloay







