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Background: Post-stroke depression (PSD) constitutes a significant complication that influences both patient survival and functional
recovery following a stroke. Despite its prevalence, PSD still lacks a long-term, safe and effective treatment measure. Remote
ischemic conditioning (RIC) is a simple and noninvasive procedure that exert neuroprotective effects. This pilot study aims to
investigate the efficacy, safety, and feasibility of RIC as a preventive measure against PSD.

Methods: Acute ischemic stroke patients within 15 days post-event were considered eligible for study enrollment. Fifty participants
were recruited and underwent daily RIC treatments for a 12-month period. Depressive symptoms were assessed utilizing the Patient
Health Questionnaire-9 (PHQ-9) and the Hamilton Depression Rating Scale (HAMD) at baseline, as well as at 1, 3, 6, and 12-months
post-intervention.

Results: The study found a gradual improvement in depressive symptoms among the 50 patients who completed the study over the
12-month treatment period, as evidenced by a consistent decline in pertinent scores. Moreover, merely two patients experienced mild
adverse reactions.

Conclusion: The study’s outcomes indicate that RIC is safe, well-tolerated, and feasible as a preventive measure for PSD.
Consequently, it is advisable to conduct a comprehensive randomized controlled trial to further evaluate the effectiveness and safety
of RIC in preventing PSD.
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Introduction

Post-stroke depression (PSD) represents a prevalent complication following stroke, which is acknowledged in the
Diagnostic and Statistical Manual of Mental Disorders, 5th ed. (DSM-5) as one of a few conditions that can “directly”
cause depression. Approximately 17 million incidences of stroke occurred worldwide in 2010 and half of these patients
survived with chronic disability.” Prior research has demonstrated that at least 25% of stroke patients developed
depressive symptoms within the first year following an acute stroke.” > The highest risk period for PSD was the initial
few months after stroke. Prevalence of PSD ranges from 18% to 33%.%° The impact of PSD includes the risk of reducing
rehabilitation progress and quality of life while increasing likelihood of recurrence of stroke.'® However, over half of
PSD patients remain undiagnosed or untreated."’

Risk factors for PSD include female gender, history of psychiatric disorders, social isolation, large and multiple
strokes within one-year post-stroke, strokes localized in anterior/frontal lobes and basal ganglia, and higher levels of
disability associated with stroke.” ”"'*™'> The pathogenesis of PSD is likely multifactorial, associated with decreased
levels of monoamines and BDNF, abnormal neurotrophic response, increased inflammation, hypothalamic-pituitary-
adrenal dysregulation, and glutamate-mediated excitotoxicity.'®'® The management strategies for PSD encompass
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psychosocial intervention, pharmacotherapy eg selective serotonin reuptake inhibitors (SSRIs) and serotonin-
norepinephrine reuptake inhibitors (SNRIs), stroke-focused treatment, and neuromodulation techniques such as repetitive
transcranial magnetic stimulation (rTMS) and electroconvulsive therapy (ECT).'>2%?' Despite these interventions
potentially reducing PSD severity and improving quality of life, no large, high-quality studies have assessed the efficacy
and safety of each intervention in patients with PSD.

In contrast to the traditional treatments of PSD, prevention could be more cost-effective. Interventions targeting
decreased monoamine levels related to PSD, such as antidepressants, have yielded inconsistent and controversial
results.”*** Additionally, SSRIs may increase the risk of intracranial hemorrhage shortly after stroke due to their platelet
aggregation inhibitory effect.”* Although rTMS has demonstrated efficacy in PSD treatment,?® the requirement of five
days per week for at least four to six weeks in a clinical setting renders determining its efficacy and safety in prevention
of PSD shortly after stroke as a major challenge, if not impossible.

Remote ischemic conditioning (RIC), recognized for its ease of application and the possibility of being performed at
home, has shown promise in managing acute stroke and in the prevention of recurrent ischemic strokes, with minimal
side effects, as highlighted in studies.”®*” The exploration of RIC in the context of Post-Stroke Depression (PSD) is still
in its infancy. However, the potential impact of RIC in preventing PSD has been proposed by Wenbo Zhao et al in their
2017 study.

The exact mechanisms through which RIC offers neuroprotection after a stroke are not entirely clear. However, it’s
believed that its influence on anti-inflammation, neuroplasticity, the monoamine system, and the hypothalamic-pituitary-
adrenal axis (HPA-axis) are key factors. The protective effects of RIC on the heart and other organs lend further support
to this hypothesis.”® In a single-arm trial focusing on the use of RIC for treating major depressive disorder (MDD),* RIC
proved to be safe and effective in reducing depressive symptoms. This study was conducted to determine whether RIC
can prevent the occurrence of PSD.

Methods
Study Design
This study is a single-arm, open-label, prospective, and single-center trial investigating RIC in PSD. The study protocol
was approved by the Institutional Review Board of Haian People’s Hospital (Nantong, Jiangsu, China) and registered in
the Chinese Branch of WHO registration website (http://www.chictr.org.cn) for clinical trials with a registration number
of ChiCTR-OPC-17012871.The study complies with the Declaration of Helsinki.

The trial adhered to the guidelines set forth by the Declaration of the Institutional Review Board of Haian People’s

Hospital. Informed consent was obtained from each participant before any study-related procedures were performed.
Acute ischemic stroke management was carried out in accordance with the Chinese acute ischemic stroke diagnosis and
management guidelines (2018).

Patients
All subjects were recruited from the patients with ischemic stroke hospitalized in Department of Neurology at Haian
People’s Hospital of Nantong, Jiangsu Province. The study took place from January 2020 to January 2022. Enrollment
criteria included: 1) age between 18 and 80 years; 2) acute ischemic stroke confirmed via head CT (Computed
Tomography) or brain MRI (Magnetic Resonance Imaging); 3) enrollment completed within 15 days post-ischemic
stroke onset, with standard care; 4) patient mRS (modified Rankin Scale) score < 3; and 5) capacity to provide informed
consent. The mRS scores range from 0 to 6: a score of 0 indicates “no symptoms” 1 signifies “no clinically significant
disability” 2 represents “slight disability” (able to manage own affairs without assistance but unable to perform all
previous activities), 3 denotes “moderate disability” (requires some help but can walk unassisted), 4 implies “moderately
severe disability” (unable to attend to bodily needs or walk), 5 signifies “severe disability” (receiving constant nursing
care and attention), and 6 indicates “death.”

Patients were excluded if they had any of the following: 1) history of psychiatric disorders (eg, schizophrenia, bipolar
disorder, major depressive disorder); 2) other intracranial diseases such as infection, tumor, or bleeding, as confirmed by
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head CT or MRI; 3) coagulation disorders or platelet counts <100 * 10°/L, history of retinal and visceral hemorrhage, or
on thrombolytic drugs; 4) uncontrolled high blood pressure (systolic pressure >180 mmHg or diastolic pressure
>110 mmHg) that could not be managed with antihypertensive medications; 5) severe renal failure with a creatinine
clearance rate <0.6 mL/s or serum creatinine level >265 umol/l; 6) severe hepatic failure, defined as serum alanine
aminotransferase (ALT) or aspartate aminotransferase (AST) at least three times the upper limit of normal; 7) history of
coronary artery disease; 8) peripheral vascular disease of the upper extremity, such as severe subclavian artery stenosis;
or 9) recent upper extremity fracture, soft tissue damage, or vascular injury.

Remote Ischemic Conditioning (RIC) Treatment

RIC was performed using the IPC-906 device obtained from Beijing Renqiao Cardio-cerebrovascular Disease Prevention
Research Nantong Co., Ltd, China. The device features two electric-control cuffs that generate 200 mmHg of pressure for
ischemic conditioning. By applying pressure to both upper arms, simultaneous ischemic conditioning of the bilateral
forearms was induced. Five cycles of arterial and venous blood flow blockage to the forearms were executed. Each
ischemic phase lasted for 5 minutes, followed by a 5-minute reperfusion period.*° Enrolled patients underwent RIC once
daily for 12 months. RIC was the only treatment modality used in patients at risk for PSD and the RIC procedure could
be stopped at any time if the patient experienced intolerable discomfort or other adverse reactions.

Safety Monitoring

Treatment-emergent adverse events (TEAEs), such as skin or neurovascular injuries resulting from the RIC procedure,
were assessed and documented at each treatment session by the investigator, who determined the severity of the adverse
event (AE). Reporting of AEs and serious adverse events (SAEs) was conducted in accordance with the requirements of
the Institutional Review Board of Haian People’s Hospital (Nantong, Jiangsu, China). Additionally, laboratory tests,
including a comprehensive metabolic panel, urine pregnancy test (if applicable), ECG (Electrocardiography), and
complete blood count, were performed at baseline and one week after initiating RIC. The results showed that these
indicators were basically normal. Patient treatment adherence was assessed by counting the number of missed sessions
for each patient. The number of missed sessions equaled 5 times the number of follow-up weeks minus the recorded
sessions from the IPC-906 device. The average missed sessions were calculated as: the number of missed RIC treatment
sessions / total RIC treatment number x 100%.

Assessments

We needed several standardized tools to comprehensively assess the evaluation of neurologic deficit severity and
depression in ischemic stroke patients. The National Institutes of Health Stroke Scale (NIHSS) is a widely recognized
tool for assessing the severity of a stroke, providing a standardized measure of a patient’s neurologic deficit. The
modified Rankin Scale (mRS) is undoubtedly the most frequent assessment of functional prognosis after stroke.
However, evaluating depression is a challenging process, especially if the subject is elderly and co-existed with stroke.
A lot of questionnaires are utilized to measure depression. At the beginning of the research, we chose Self-Rating
Depression Scale (SDS) which was commonly used due to its simplicity. But it does not cover all symptoms of
depression and it has more items compared to the Patient Health Questionnaire-9 (PHQ-9). The PHQ-9 is a self-
administered scale for depression, based on the nine items of the DSM-IV diagnostic criteria. It is known for its
effectiveness, strong reliability and validity in diagnosing depression and evaluating symptom severity. Finally, we used
the PHQ-9 in initial screening of depressed patients, and then the Hamilton Rating Scale for Depression - 17 items
(HAMD-17) was applied for more accurate assessment of depression.

Initially, at baseline, and subsequently at the first, third, sixth, and twelfth month post-stroke, patients were evaluated
using the NIHSS, mRS, PHQ-9 and the HAMD-17. These evaluations were conducted in-person by investigators and
research coordinators at the study site. To ensure the accuracy and reliability of these assessments, all raters underwent
specialized training in NIHSS, mRS, PHQ-9, and HAMD. They received certifications from international neurologists
and experienced psychiatrists affiliated with Haian People’s Hospital of Nantong University and University Hospitals
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Table | Demographics and Clinical Characteristics of Enrolled
Patients with Ischemic Stroke

Characteristic Number of Patients | Percentage (%)
Race (Han) 50 100%
Gender
Male 42 84%
Female 8 16%
Marriage (Married) 50 100%
Employment
Employed 40 80%
Retired 8 16%
Unemployed 2 4%
Medical and personal history
Coronary artery disease 2 4%
Hypertension 38 76%
Diabetes 13 26%
Hyperlipidemia (LDL) 12 24%
Cigarette 13 26%
Alcohol use 6 12%
Ischemic lesion location
Anterior circulation 35 70%
Posterior circulation 15 30%
Mean Standard Deviation
Education (years) 75 2.5
Age (years) 64.5 5.6
Symptom severity at baseline
NIHSS 27 0.3
mRS 1.64 0.2
PHQ-9 4.26 1.0
HAMD-17 9.42 1.5

Abbreviations: NIHSS National Institute of Health Stroke Scale, mRS modified Rankin
Scale, PHQ-9 Patient Health Questionnaire-9, HAMD-17 hamilton Depression Rating
Scale-17.

Cleveland Medical Center. Moreover, M, YK, and KM, recognized experts in their fields, oversaw the process to
guarantee the reliability of these assessments.

Statistical Analysis

Demographic, clinical characteristics, and adverse events (AEs) were analyzed using descriptive statistics (Table 1). The
safety profile included all patients who received at least one RIC treatment. Baseline to endpoint NIHSS, mRS, PHQ-9,
and HAMD scores were analyzed using the paired #-test (Table 2). Any depression was calculated as the number of
patients with depression / total number of patients x 100%. All statistical analyses were performed using R software
(version 4.0.3). The criterion for statistical significance was set at 0.05.

Results

Demographics and Baseline Clinical Characteristics

Fifty patients with ischemic stroke who met the inclusion criteria and none of the exclusion criteria were enrolled in this
study. All 50 patients completed the remote ischemic conditioning procedure and were included in the analysis.
Demographics, including race, gender, age, marital status, education, employment, medical and personal history,
ischemic lesion, and baseline scores of NIHSS (National Institute of Health Stroke Scale), mRS, PHQ-9 (Patient
Health Questionnaire-9), and HAMD-17 (Hamilton Depression Rating Scale —17) at study entry are presented in Table 1.
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Table 2 Efficacy Outcomes of Remote Limb Ischemic
Preconditioning

Measure Mean SD t P
NIHSS 899 | <0.001
Baseline 2.70 222

| month 1.74 1.77

3 months 1.38 1.50

6 months 0.96 1.38

Endpoint (12 months) | 0.78 1.31

mRS 10.20 | <0.001
Baseline 1.64 .14

I month 1.22 1.04

3 months 1.10 0.99

6 months 0.84 0.98

Endpoint (12 months) | 0.70 0.93

PHQ-9 6.22 | <0.001
Baseline 4.26 3.89

I month 3.76 3.84

3 months 3.06 3.24

6 months 1.96 2.50

Endpoint (12 months) 1.52 2101

HAMD-17 3.88 | <0.001
Baseline 9.42 12.14

| month 7.18 7.47

3 months 5.90 6.86

6 months 4.06 5.86

Endpoint (12 months) | 3.04 5.05

Abbreviations: NIHSS National Institute of Health Stroke Scale,
HAMD-17 hamilton Depression Rating Scale-17, mRS modified Rankin
Scale, PHQ-9Patient Health Questionnaire-9, SD standard deviation.

Adverse Events and Adherence

Out of the 50 patients enrolled, two experienced mild limb numbness that resolved within three days after initiating RIC.
One patient developed petechiae of the skin under the pressure cuff area during the first week of RIC. No patients had
severe adverse events. In terms of adherence, missed sessions for all patients averaged at 23%. Furthermore, all 50
participants in this study received RIC in at least 281 of the 365 treatment sessions (77% average adherence rate).

Efficacy Analysis

A significant reduction in both National Institutes of Health Stroke Scale (NIHSS) and modified Rankin Scale (mRS)
scores was observed from the baseline to the endpoint (12 months), shifting from 2.70 + 2.22 to 0.78 + 1.31 (P <0.001)
and 1.64 £ 1.14 to 0.70 £ 0.93 (P <0.001), respectively (Table 2). The Patient Health Questionnaire-9 (PHQ-9) and
Hamilton Depression Rating Scale-17 (HAMD-17) scores also saw a significant decrement from baseline to the endpoint,
altering from 4.26 + 3.89 to 1.52 +2.11 for PHQ-9 and 9.42 + 12.14 to 3.04 £+ 5.05 for HAMD-17 (refer to Table 2).
A comprehensive visual representation of the significant reduction from baseline to the endpoint in NIHSS score, mRS
score, PHQ-9, and HAMD-17 scores is presented (Figures 1 and 2).

Rates of Depression Based on PHQ-9 and HAMD-17 Scores

Among the 50 patients evaluated using the PHQ-9, the number and percentage of patients with various degrees of
depression, from none or minimal to severe, were calculated at baseline, 1, 3, 6, and 12 months. At baseline, 32 (64%)
did not have depression, 12 (24%) had mild depression, 5 (10%) had moderate depression, 1(2%) had moderate severe
depression, and none had severe depression (Table 3). The proportion of patients with no or minimal depression was 70%
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Figure | NIHSS and mRS scores in patients (N = 50) post ischemic stroke in I, 3, 6, and 12 months. The results showed that scores of NIHSS and mRS at baseline, |, 3, 6,
and 12 months were treading down, with NIHSS dropping from 2.70 to 0.78 and mRS from 1.64 to 0.70.
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Figure 2 HAMD-17 and PHQ-9 scores in patients (N = 50) post ischemic stroke in I, 3, 6, and 12 months. The results showed that scores of HAMD-17 and PHQ-9 at
baseline, 1, 3, 6, and 12 months were treading down with HAMD-17 dropping from 9.42 to 3.04, and PHQ-9 dropping from 4.26 to 1.52.

at 1 month, 76% at 3 months, 84% at 6 months, and 88% at 12 months (Table 3). All 50 patients were also assessed with
the HAMD-17 rating scale. The numbers and percentages of patients with no, mild, moderate, and severe depression at
baseline, 1, 3, 6, and 12 months were calculated (Table 4). At baseline, 28 (56%) patients were not depressed (score <6),
10 (20%) had mild depression (score:7—16), 10 (20%) had moderate depression score:18-24, and 2 (4%) had severe

Table 3 PHQ-9 Score in Ischemic Stroke Patients Before and After Treatment with
Remote Ischemic Conditioning (N = 50)

PHQ-9 Scores <4 5to9 | I0to 14 | I5to 19 | 20 to 27 | Any Depression
Patients N (%) | N (%) N (%) N (%) N (%) N (%)
Baseline 64 24 10 2 0 3

I ' m 70 20 10 0 0 30

3m 76 14 10 0 0 24

6m 84 14 2 0 0 16

12 m 88 12 0 0 0 12

Notes: |—4 minimal depression, 5-9 Mild depression, 10—14 Moderate depression, 15-19 Moderately severe
depression, 20-27 Severe depression. N number of patients, PHQ-9 Patient Health Questionnaire-9.
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Table 4 HAMD-17 Score in Patients with Ischemic Stroke Before and After
Treatment with Remote Ischemic Conditioning (N = 50)

HAMD-17 Scores <é 7tol6 | 18to24 | =25 | Any Depression
Patients N (%) | N (%) N (%) N (%) N (%)
Baseline 56 20 20 4 44

I'm 62 18 20 0 38

3m 72 12 16 0 28

6m 76 14 10 0 24

12m 84 10 6 0 16

Notes: HAMD-17 score: < 6 no depression; HAMD-17 score: 7-16 mild depression; HAMD-17
score: 18-24 moderate depression; HAMD-17 score: 225 severe depression. HAMD-/7 Hamilton
Depression Rating Scale-17, N number of patients.

depression (score: >25). The proportion of patients without depression was 62% at 1 month, 72% at 3 months, 76% at 6
months, and 84% at 12 months (Table 4).

Discussion

In this single-arm clinical trial, we recruited 50 patients within 15 days following an acute ischemic stroke. Each patient
received daily Remote Ischemic Conditioning (RIC) for a period of 12 months. The depressive symptoms of the patients
were assessed with PHQ-9 and HAMD-17 at baseline, and subsequently at the first, third, sixth, and twelfth month after
the ischemic stroke. Throughout the 12-month follow-up period, we observed a consistent downward trend in both PHQ-
9 and HAMD-17 scores. Broadly, the prevalence of post-stroke depression symptoms saw a considerable reduction, from
46% at baseline to 12% at the end of the 12 months, as per PHQ-9 data. According to the HAMD-17 scores, the
proportion of patients experiencing moderate to severe depression decreased from 24% to 6%, while the percentage of
patients exhibiting no depression increased from 56% to 84%. These outcomes suggest a strong potential of RIC in
preventing post-stroke depression.

The findings of this study could be attributed to several factors: 1) natural evolution of the patient’s mood following
a severe physical illness; 2) selection bias due to the limited sample size; and 3) the potential protective effect of RIC
against post-stroke depression.

Patient safety is paramount in clinical practice. Prior studies have evidenced the safety of long-term RIC in patients
with severe carotid artery stenosis (CAS) and intracranial arterial stenosis (ICAS).?”*%*! Furthermore, RIC exhibited no
significant impact on the mean blood flow velocity, oxygenation index, and heart rate in ICAS patients and healthy
volunteers. Our investigation corroborates these findings and demonstrates that RIC is safe and well-tolerated in patients
with acute ischemic stroke. In our study, only two patients reported mild limb numbness and distal red flecks on the skin
beneath the RIC cuffs. Importantly, no patient ceased the RIC treatment or withdrew from the study due to adverse
effects, which is a significant improvement over previous studies involving CAS patients.?

At present, psychotherapy, neurostimulation treatments, and pharmacotherapy are the most prevalent strategies for
managing Post-Stroke Depression (PSD) but these methods have sparked debates over their adherence and efficacy. As
per existing data, about 20% of patients in outpatient clinics may not comply with prescribed antidepressants.
Additionally, roughly one-third of patients with depression may discontinue short-term treatments such as transcranial
direct current stimulation (tDCS) and repetitive transcranial magnetic stimulation (rTMS). Thus, it has been estimated
that conventional treatments are successful in managing approximately 30-40% of all cases of PSD.'>* Yet, it must be
acknowledged that these existing therapies may prove insufficient for a substantial portion of PSD patients. However, our
research suggests that RIC might possess an advantage in terms of treatment adherence and effectiveness.*”

Moreover, the practicality of implementing RIC is underscored as a significant advantage in our study. The simplicity
of RIC not only facilitates its understanding but also its application, thereby enhancing its accessibility. Importantly, it
does not necessitate a dedicated space for its execution, which implies that this treatment can be administered without the
requirement for any additional resources.
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In summary, we observed that the treatment resulted in improvements in depressive symptoms over a 12-month
treatment period. RIC may play a positive role in preventing post-stroke depression.

Limitations

The limitations of this study include a small sample size, a single-arm design, and an open-label approach. These factors
may pose challenges in definitively establishing the preventive effects of RIC against post-stroke depression (PSD). The
small sample size may introduce biases in evaluating the safety and efficacy of RIC in PSD, potentially either inflating or
deflating its effects. The single-arm design precludes direct comparisons with a control group, making it difficult to
ascertain the true efficacy of RIC in preventing PSD. Nonetheless, it is possible to indirectly compare our results with
those from previous studies that did not involve RIC and focused on PSD. Additionally, the open-label design may
contribute to an increased “placebo” effect. Given these limitations, larger, randomized, double-blind, sham-controlled
trials are essential to definitively verify both the efficacy and safety of RIC as a preventive measure for PSD in patients
with acute ischemic stroke.

Conclusions
RIC, as a simple, easy-to-use and noninvasive therapy, is safe and well-tolerated in patients with acute ischemic stroke.
This pilot study suggests that RIC is effective in preventing PSD. We expect further research about RIC in PSD.
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