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Background: Intracerebral hemorrhage (ICH) is a common cerebrovascular disease, with a high rate of disability. In the literature on Chinese traditional medicine, there is increasing evidence that acupuncture can help hematoma absorption and improve neurological deficits after cerebral hemorrhage. Brain-derived neurotrophic factor (BDNF), one of the most studied neurotrophic factors, is involved in a variety of neurological functions and plays an important role in brain injury recovery. We investigated the effect of acupuncture intervention in the acute phase of ICH on the prognosis and serum BDNF levels of several patient groups.

Objective: To investigate the influence of acupuncture on the prognosis and brain-derived neurotrophic factor (BDNF) levels in patients in the acute phase of ICH.

Methods: From November 2021 to May 2022, 109 subjects were consecutively enrolled, including patients with ICH, who were randomized into the acupuncture group (AG) and sham acupuncture group (SAG), and a control group (CG). The CG received the same acupuncture intervention as the AG, and the SAG received sham acupuncture, with 14 interventions in each group. The level of consciousness of patients with ICH was assessed and serum BDNF levels were measured in all three groups before the intervention and at 3 weeks after onset, and the level of consciousness and outcomes were assessed at 12 weeks after onset.

Results: After the intervention, the level of consciousness of the AG improved significantly (P < 0.05); the BDNF level of only the AG increased significantly (P < 0.05); the changes in Glasgow Coma Scale (GCS) score and BDNF level were significantly greater in the AG than in the SAG (P < 0.05), especially for locomotion (P < 0.05). At 12 weeks post-onset, the AG showed better outcomes and recovery of consciousness than the SAG (P < 0.05).

KEYWORDS
acupuncture, intracerebral hemorrhage, brain-derived neurotrophic factor (BDNF), stroke, prognosis


1. Introduction

Intracerebral hemorrhage (ICH) refers to the rupture of blood vessels in the brain, resulting in bleeding in the brain parenchyma, ventricles, and subarachnoid space; it accounts for 10–15% of all stroke types (Al-Kawaz et al., 2020).

Brain-derived neurotrophic factor (BDNF) is a peptide growth factor involved in a variety of neurological functions, such as cell growth, differentiation, and plasticity (Mang et al., 2013; Polacchini et al., 2015), thereby affecting cognition, memory, and other functions. It is derived mainly from central nervous system neurons and to a lesser extent from peripheral blood cells, among others (Polacchini et al., 2015). It has been shown that intracranially produced BDNF can cross the blood-brain barrier (Pan et al., 1998); therefore, the level of peripheral BDNF after stroke may reflect central BDNF levels. After stroke onset, BDNF can enhance local anti-inflammatory action by upregulating IL-10 and downregulating TNF-α (Jiang et al., 2010) expression.

In Chinese medical theory, intracerebral hemorrhage (known as Zhongfeng in Chinese medicine) is based on an internal deficiency of Qi (the potential energy that maintains your life and every body system) and blood, and is triggered by exertion, worry and poor diet, resulting in an imbalance of internal Yin and Yang, and thus cerebral vascular blockage or blood overflow. Therefore, in terms of treatment, it is important to differentiate according to Yin and Yang so as to “treat the same disease differently” or “treat different diseases with the same treatment.” Acupuncture is an important treatment tool, and several previous studies (Fan and Liu, 1997) have found that acupuncture in the acute phase of intracerebral hemorrhage has better outcomes than in other phases. Acupuncture is well accepted in China as an alternative and complementary strategy after stroke, as recommended by the World Health Organization (Lehmann, 2013). Some studies have suggested that acupuncture can improve post-stroke dysfunction through a variety of mechanisms, including anti-apoptosis in ischemic areas (Chavez et al., 2017). A randomized controlled trial found that acupuncture reversed the downregulation of serum BDNF (Jiang et al., 2018). Xiong et al. (2020) found that head acupuncture combined with cognitive function training resulted in a pronounced increase in BDNF levels and improved post-stroke outcomes. These findings suggest that one of the mechanisms by which acupuncture improves functional impairment after stroke may involve serum BDNF levels.

Regarding the timing of rehabilitation interventions, overseas recommendations suggest starting rehabilitation within 24–48 h after the onset of stroke (Greenberg et al., 2022), whereas Chinese guidelines usually suggest starting rehabilitation 48 h to 1 week after the onset of stroke or after the stabilization of vital signs (Yu et al., 2020). The Xingnao-Kaiqiao acupuncture method is commonly used in clinical practice to treat stroke. It has been known to revive the human brain, and can improve the hypoxic state of brain tissue, leading to functional recovery (Li and Han, 2015).

In this trial, acupuncture was applied starting from the acute phase [generally considered to be 2–7 days after onset (Manning et al., 2014)] of ICH, and the participants were divided into acupuncture (AG), sham acupuncture (SAG), and control groups (CG) to compare BDNF levels in each group. The relationship between acupuncture and BDNF was investigated by comparing the changes in BDNF levels in each group and by analyzing the outcome between the groups. The efficacy of acupuncture for outcomes of ICH was determined in order to provide a reference for acupuncture treatment protocols in the acute phase of ICH.



2. Subjects and methods


2.1. Trial design

This double-blind, randomized controlled trial was conducted in accordance with the Declaration of Helsinki and approved by the Ethics Committee of Yongchuan Hospital of Chongqing Medical University (No. 110, 2021). This study was registered at ClinicalTrials.org (NCT05479903). Patients with ICH who met the inclusion criteria were randomly divided into the AG or SAG using the SAS software (version 9.4). All patients with ICH underwent poststroke secondary prevention, treatment of underlying diseases, and comprehensive rehabilitation training. Accordingly, the AG was administered an acupuncture intervention and the SAG was administered sham acupuncture intervention. When the medical condition changed and the intervention was no longer appropriate, it was suspended; it was resumed after the condition had stabilized. Fourteen interventions were performed in all groups, with the first intervention administered no longer than 7 days after onset and the last intervention administered no longer than 3 weeks after onset. The CG was administered the same intervention protocol as the AG. Serum BDNF levels were measured in all three groups before and after the interventions, changes in patient consciousness were assessed using the Glasgow Coma Scale (GCS), and patient outcomes were assessed using the modified Rankin Scale (mRS) and GCS at week 12 after onset. All included patients or their guardians signed an informed consent form before entering the trial.



2.2. Participants

From November 2021 to May 2022, patients with ICH were consecutively enrolled from the Department of Neurosurgery or Department of Rehabilitation Medicine of Yongchuan Hospital of Chongqing Medical University. Patients who visited the physical examination center during the same period were enrolled to the CG.


2.2.1. ICH inclusion criteria

The incision criteria for the AG and SAG were as follows: (1) age ≥ 18 years, (2) confirmed lesion on brain CT or MRI, (3) mRS ≤ 1 before onset, (4) time between symptom recognition and admission ≤ 72 h, (5) diagnosis of intracerebral hemorrhage by two regular physicians according to the Chinese Guidelines for the Diagnosis and Treatment of Cerebral Hemorrhage (2019), and (6) stable vital signs within 7 days after onset. The inclusion criteria for the CG were (1) age ≥ 50 years; (2) mRS ≤ 1; and (3) normal cognitive, motor, and speech function.



2.2.2. Exclusion criteria for all subjects

The exclusion criteria were as follows: (1) History of intracranial surgery or trauma, (2) neurological or psychiatric disease, (3) stroke; (4) abnormal coagulation function; (5) physical disability prior to onset; and (6) participation in other clinical trials within the previous 3 months.



2.2.3. Dropping out

Subjects with worsening medical conditions or serious complications that made them unfit for continuing the trial, subjects with poor compliance who failed to complete the 14 interventions within 3 weeks of onset, and subjects who discontinued participation for personal reasons were dropped from the analysis, and the reasons for withdrawal and dropping out were recorded.




2.3. Intervention

The basic disease treatment for AG and SAG, secondary prevention interventions after stroke, and comprehensive rehabilitation training were carried out with reference to relevant guidelines (Zhang et al., 2019; Al-Kawaz et al., 2020). The AG and CG were administered the Xingnao-Kaiqiao Acupuncture Method; the SAG was administered sham acupuncture.


2.3.1. Selection of acupoints

Neiguan (PC06), Shuigou (GV26), and Sanyinjiao (SP06) were the main acupoints, with Jiquan (HT01), Weizhong (BL40), and Chize (LU05) on the affected side as the secondary acupoints. All the acupoints were selected and positioned according to GB/T123462006 (Gb/T12346-2006, 2006), and the manipulation techniques refer to the research (Shi, 2005) of Academician Shi Xuemin.



2.3.2. Intervention steps

The subject was placed in a supine position, and the acupuncture operator disinfected both hands and the skin at the acupoint using povidone iodine solution (concentration 5%, Chongqing Xieran Pharmaceutical Co., Ltd., China). Then, a disposable electrode piece (LHJ-5680, Chongqing Younaite Medical Equipment Co., Ltd., China) was used to cover the skin at the selected acupoint, with or without piercing the electrode piece with disposable acupuncture needles (0.30 × 50 mm, Suzhou Dongbang Medical Devices Co., China). The location and manipulation of the AG and CG acupoints are shown in Table 1. Subjects suitable for acupuncture were given the intervention once a day for 30 min each.


TABLE 1    Acupoints selected in the study.
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The SAG received sham acupuncture intervention using the same procedure and equipment as the AG, with the difference that the acupuncture needle did not pierce the electrode piece, that is, it did not pierce the skin, and the needle was fixed to the electrode piece.



2.3.3. Intervention personnel

All of the acupuncture therapists have completed a relevant medical course, graduated in the field of acupuncture and have obtained a national qualification. They had all been working for more than 5 years and were trained in both the Xingnao-Kaiqiao acupuncture and the sham acupuncture method before the intervention to ensure that each therapist was able to perform the intervention correctly. If bleeding occurred at the acupoints during the intervention, pressure was applied to the points with a sterile cotton swab until the bleeding stopped. If the patient’s condition changed (fever, epilepsy, etc.) such that the intervention was no longer appropriate, the intervention was suspended until the condition had stabilized (Figure 1).
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FIGURE 1
Flow chart of subjects.





2.4. Follow-up and outcomes


2.4.1. Time points for follow-up

The day of onset was defined as d1, the first follow-up (pre-intervention, t1) and the first intervention were completed at d1–d7, the last intervention was completed at d14–d20, the second follow-up (3 weeks after onset, t2) was completed at d20–d22, and the third follow-up (12 weeks after onset, t3) was completed at d82–d86. As far as possible, the intervention and follow-up were carried out with all patients at similar time points of the disease course, and all interventions were completed at t2 and t3 follow-up visits.



2.4.2. Clinical follow-up

Relevant training is provided to all assessors. The assessment of one subject was carried out by the same assessor.

The main outcome indicators were the change in the GCS score and the mRS score. The GCS assesses the patient’s ability to open their eyes and their responses to verbal and motor tasks on a scale of 3–15, with higher scores representing a better state of consciousness. The mRS assesses the ability to perform daily activities on a scale of 0–6, with higher scores indicating poorer ability to take care of oneself. In this trial, mRS scores of 0–2 were defined as “good outcome” and mRS scores of 3–6 were defined as “poor outcome” according to the American Stroke Association guidelines (Lin et al., 2021).

Secondary outcome indicators were changes in BDNF levels and each GCS subcategory. Blood samples were collected from all subjects at t1 and t2. Venous blood (2 mL) was drawn and transferred into tubes containing procoagulant (procoagulant 5 mL, Weihai Weigao Medical Devices Ltd., Weihai, Shandong, China), shaken gently, and allowed to coagulate at room temperature for at least 30 min. Serum was then collected by centrifugation (Neofuge15R, Heal Force Development Ltd.) at 3,000 rpm for 10 min and stored at −80°C until assay. Serum BDNF levels were measured using an ELISA kit (R&D Systems, Inc., USA) by experienced laboratory staff who were blinded to the rest of the trial, and laboratory results were not known to the assessors until the end of the study.




2.5. Sample size

This study was a randomized controlled trial, and the sample size was estimated by comparing the means of the two samples, where n1 and n2 are the required numbers of the two samples, δ is the difference between the means of the two groups, and σ is the overall standard deviation: α = 0.05 and β = 0.20. After reviewing the relevant literature (Liu et al., 2016), we set δ/σ = 0.77. Using the tables of two-side tolerance factors, we confirmed that μα = 1.96 and μβ = 0.84, and substituted these into the formula to obtain n≈28, meaning that 28 cases were needed in each group. Considering withdrawals during the trial, the sample size was increased by 20% so that at least 34 subjects needed to be included in each group.
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2.6. Randomization

Random numbers were generated by an investigator who was not involved in other parts of the trial using SAS 9.4, and all numbers were assigned to the groups according to prespecified rules. The grouping results were stored in a sealed opaque envelope with the generated order written on its surface. The allocation results were kept by another investigator (Chen) who was not involved in the rest of the trial; when a subject was enrolled, Chen allocated the grouping result according to the generated order and informed the acupuncture operator.



2.7. Allocation and blinding

Only the necessary medical staff will be on site during the intervention to reduce the possibility of blind failure of the patients’ families. Until the end of the trial, only Chen and the acupuncture operators were aware of the allocation results; the subjects, assessors, and other investigators were not informed of the grouping results.



2.8. Statistical methods

All statistical analyses were performed using Statistical Package for the Social Sciences (SPSS) 26.0 (Chicago, Armonk, NY, USA). The data were assessed for normality using the Kolmogorov–Smirnov test. Measurement data were expressed as median (interquartile range) or mean ± standard deviation, and categorical, as number (rate).

Comparisons between two groups of normally distributed count data were made using the Student t-test and among three groups using one-way ANOVA; comparisons between two groups of non-normally distributed count data were made using the Mann–Whitney U test and among three groups using the Kruskal–Wallis test. Multiple time points of count data were compared using the Mauchly’s test of sphericity and Two-way Repeated Measures ANOVA.

The Pearson or fisher chi-square test was used for comparisons of unordered categorical information, the Mann-Whitney U test for comparisons of two groups of ordered categorical information, the Kruskal–wallis for comparisons of three groups of ordered categorical information, and the Pearson chi-square test for cross-tabulations when comparing inter-group outcomes before and after the intervention.

The GCS has three sub-categories with full marks of 4, 5, and 6. To compare the changes in scores between subscales, the absolute value of a given change was divided by the full score of that subscale. For example, the absolute value of the change in eye opening was divided by 4. Statistical analyses were performed as described previously. All results were considered statistically significant at P < 0.05.



2.9. Reasons for dropped out and adverse reactions

Adverse effects: pain, 20 in CG, 2 in AG and 1 in SAG reported that the intervention caused pain, but all disappeared within 1 h of the end of the intervention. Bleeding, 6 in CG, 19 in AG and 0 in SAG had bleeding at the end of the intervention at the pinpoint, which stopped within 10 min after applying sterile swab pressure. Some ICH patients are unconscious for part or all of the intervention, so that their feelings are not known. No other adverse effects were observed during this trial.

Subjects dropped out for the following reasons: pain, CG = 7; personal reasons, CG = 1, AG = 3, and SAG = 2; failure to complete the 14 interventions on time, AG = 2 and SAG = 4.




3. Results


3.1. Overall baseline characteristics

Overall, 84 subjects finally completed the full trial and were included in the analysis; the basic information is shown in Table 2. There were no statistically significant differences in any basic information between the 84 subjects who completed the trial and the 109 enrolled subjects (P > 0.05). There were no statistically significant differences in gender, age, comorbidities, lifestyle habits, or baseline BDNF levels among the AG, SAG, and CG (P > 0.05). There were no statistically significant differences in time from symptom recognition to admission, proportion treated surgically, admission systolic blood pressure, or pre-intervention GCS score between AG and SAG (P > 0.05). There was a statistically significant difference in systolic blood pressure between CG and ICH patients on admission (p < 0.05).


TABLE 2    Baseline characteristics.
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3.2. BDNF before and after the intervention

Table 3 demonstrates the levels of BDNF before and after the intervention (t1 and t2). As shown in the table, only the BDNF levels of AG were significantly higher after the intervention compared to before (P < 0.05), while the BDNF levels of SAG and CG were not statistically significantly changed compared to before the intervention (P > 0.05). In terms of BDNF change values, AG was more significantly elevated than CG or SAG (P < 0.01).


TABLE 3    BDNF levels before and after intervention.

[image: Table 3]



3.3. GCS before and after the intervention

The Mauchly’s test of sphericity P = 0.003. Using two-way Repeated Measures ANOVA, it was suggested that GCS rose over time in both AG and SAG (P < 0.001), but even though both increased over time, the rise in GCS was significantly higher in AG than in SAG (P < 0.01). As shown in Table 4, baseline GCS was found to be comparable between AG and SAG (P > 0.05). Both at the end of the intervention and 12 weeks after onset, GCS was significantly higher in AG than in SAG (P < 0.05).


TABLE 4    GCS before and after intervention.

[image: Table 4]



3.4. Change in GCS subscale values and outcomes 12 weeks after onset

Table 5 suggests that the outcome evaluation of AG and SAG using the mRS at 12 weeks after onset was better for AG than for SAG (p < 0.05). Of the three aspects evaluated by the GCS, only motor aspects were better recovered in AG than in SAG (p < 0.05), while there was no statistical difference in the degree of improvement in eye opening and verbal response between the two (p > 0.05).


TABLE 5    Change from t1 to t3 in GCS subscale values and outcomes in t3.
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4. Discussion

To the best of our knowledge, this study is one of the rare studies to focus on the efficacy of acupuncture in the acute phase of ICH, which is characterized by high mortality and disability as a subtype of stroke. In designing the trial, we simultaneously explored changes in BDNF levels after the intervention and ICH outcomes, while adjusting for confounding factors such as natural disease progression and physiological effects of acupuncture in healthy humans by employing the SAG and CG.

For the timing of needle intervention in patients with cerebral hemorrhage, previous guidelines (Lin et al., 2019) or meta-analyses (Liu et al., 2017) have recommended intervention in the acute phase, but some clinicians have abandoned needle treatment in the acute phase to prevent coagulation disorders in patients after invasive stimulation. There were no severe adverse effects of acupuncture in this trial, and none of the subjects withdrew owing to dissatisfaction with the efficacy, suggesting that the safety of acupuncture is reliable. Our study suggests that acupuncture shows positive effects in both short-term recovery of consciousness and long-term improvement in quality of life. In clinical practice, acupuncture, which has the advantages of being inexpensive and available at home, is less difficult to promote, and Xingnao-Kaiqiao acupuncture in particular may bring significant benefits to patients.

We also found that the CG had a 40% dropout rate, with seven of the eight dropouts withdrawing because of pain. To ensure a control effect, we administered the same interventions to the CG and AG, that is, Xingnao-Kaiqiao acupuncture. The majority of patients in the AG were in a coma, and this intervention was helpful in promoting awakening, but the strength of the intervention was too strong for conscious people to tolerate; therefore, only 12 people in the CG completed the full intervention, which in turn resulted in a small number of CG subjects and may have increased the sample bias. In the future, if similar trials are conducted, the high dropout rate of the CG due to pain will need to be addressed or more CGs need to be included.

Over half of the patients were unconscious during the intervention, which improved the blinding reliability of the interventions. However, it is worth noting that although the SAG was not affected by the direct penetration of the needles into the skin, this does not mean that sham needling would not have a therapeutic effect. Chae et al. (2018) argued that sham needling could have some efficacy, as it generates tactile sensation. After the end of all interventions, consciousness improved in both groups of patients with ICH compared to the pre-intervention levels, indicating that there may be other mechanisms of recovery from ICH besides the effect of acupuncture. The recovery of consciousness and the magnitude of BDNF changes were more pronounced in the AG than in the SAG, suggesting that acupuncture likely helped patients recover more quickly by enhancing mechanisms related to the production of BDNF. Among the three dimensions of the GCS assessment, we found greater improvements in motor response in the AG than in the SAG, suggesting a specific modulatory effect of acupuncture on the motor-related network of stroke patients (Zhang et al., 2021). In addition to this, Zhang et al. (2021) suggested that acupuncture promotes the recovery of verbal functions by regulating neuroplasticity, which can help patients return to society as soon as possible. After the intervention, only the BDNF level of the AG changed significantly after the intervention, suggesting that there may not be a significant effect of sham acupuncture or acupuncture directed to BDNF levels in healthy bodies. In other words, the specific changes that occurs after ICH may be a prerequisite for acupuncture to have an effect on BDNF levels.

This study has some limitations. First, as a product of secretion, peripheral levels of BDNF may be influenced by drugs, and although the effect of interfering factors could be reduced in the AG in comparison with the SAG, we did not restrict patient drug intake during basal treatment, and it is unclear whether changes in BDNF levels in the AG were caused by specific drugs or other unknown factors. Second, this was a single-center trial, and the number of subjects who completed the full trial was 84; therefore, selection bias is inevitable. Third, although we trained each acupuncture operator, differences in techniques between operators may have led to individual differences in efficacy. Fourth, previous studies have suggested that changes in BDNF levels differ at different stages after stroke (Di Lazzaro et al., 2007; Jimenez et al., 2009; Chan et al., 2015; Zhang et al., 2017), and although we controlled the analysis for time from symptom recognition to admission and time from enrolment to onset, we may still have missed the observation time window for BDNF changes in some patients.



5. Conclusion

Acupuncture in the acute phase of ICH has a significant positive effect on both short-term recovery of consciousness and long-term outcomes in patients with ICH, and the production of BDNF may be associated with this effect.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by the Ethics Committee of Yongchuan Hospital of Chongqing Medical University. The patients/participants provided their written informed consent to participate in this study.



Author contributions

ZW designed the trial protocol. YC kept the grouping results until the end of the trial. XW and JG recruited and followed the subjects. LL was responsible for analyzing the data and writing the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This study received funding from the National Natural Science Foundation of China (NSFC No. 81674066), the Chongqing Natural Science Foundation (No. cstc2017jcyjAX0397), the Traditional Medicine Foundation of Chongqing Health Commission (No. zy201602119), and the Scientific Foundation of Yongchuan Hospital of Chongqing Medical University (No. YJYJ201603).



Acknowledgments

We thank the patients, acupuncture therapists, and laboratory staff for their participation in this trial.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



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

Al-Kawaz, M., Hanley, D., and Ziai, W. (2020). Advances in therapeutic approaches for spontaneous intracerebral hemorrhage. Neurotherapeutics 17, 1757–1767. doi: 10.1007/s13311-020-00902-w

Chae, Y., Lee, Y., and Enck, P. (2018). How placebo needles differ from placebo pills? Front. Psychiatry 9:243. doi: 10.3389/fpsyt.2018.00243

Chan, A., Yan, J., Csurhes, P., Greer, J., and McCombe, P. (2015). Circulating brain derived neurotrophic factor (BDNF) and frequency of BDNF positive T cells in peripheral blood in human ischemic stroke: effect on outcome. J. Neuroimmunol. 286, 42–47. doi: 10.1016/j.jneuroim.2015.06.013

Chavez, L., Huang, S., MacDonald, I., Lin, J., Lee, Y., and Chen, Y. (2017). Mechanisms of acupuncture therapy in ischemic stroke rehabilitation: a literature review of basic studies. Int. J. Mol. Sci. 18:11. doi: 10.3390/ijms18112270

Di Lazzaro, V., Profice, P., Pilato, F., Dileone, M., Florio, L., Tonali, P., et al. (2007). BDNF plasma levels in acute stroke. Neurosci. Lett. 422, 128–130. doi: 10.1016/j.neulet.2007.06.001

Fan, G., and Liu, G. (1997). Timing of acupuncture in the treatment of stroke. J. Tradit. Chin. Med. 1997, 178–179.

Gb/T12346-2006, (2006). The Nomenclature and Location of Acupuncture Points. Beijing: Standardization Administration of the People’s Republic of China.

Greenberg, S., Ziai, W., Cordonnier, C., Dowlatshahi, D., Francis, B., Goldstein, J., et al. (2022). 2022 guideline for the management of patients with spontaneous intracerebral hemorrhage: a guideline from the american heart association/american stroke association. Stroke 53, e282–e361. doi: 10.1161/STR.0000000000000407

Jiang, H., Zhang, X., Lu, J., Meng, H., Sun, Y., Yang, X., et al. (2018). Antidepressant-like effects of acupuncture-insights from DNA methylation and histone modifications of brain-derived neurotrophic factor. Front. Psychiatry 9:102. doi: 10.3389/fpsyt.2018.00102

Jiang, Y., Wei, N., Zhu, J., Lu, T., Chen, Z., Xu, G., et al. (2010). Effects of brain-derived neurotrophic factor on local inflammation in experimental stroke of rat. Med. Inflam. 2010:372423. doi: 10.1155/2010/372423

Jimenez, I., Sobrino, T., Rodriguez-Yanez, M., Pouso, M., Cristobo, I., Sabucedo, M., et al. (2009). High serum levels of leptin are associated with post-stroke depression. Psychol. Med. 39, 1201–1209. doi: 10.1017/S0033291709005637

Lehmann, H. (2013). Acupuncture in ancient China: how important was it really? J. Integr. Med. 11, 45–53. doi: 10.3736/jintegrmed2013008

Li, H., and Han, B. (2015). Treatment of 60 cases of post-stroke hemiplegia with the Xingnao Kaiqiao acupuncture method combined with blood light quantum therapy. Western Chin. Med. 28, 104–106.

Lin, C., Lee, J., Hurt, C., Lazar, R., Arevalo, Y., Prabhakaran, S., et al. (2021). Gait measures at admission to inpatient rehabilitation after ischemic stroke predict 3-month quality of life and function. PM R 13, 258–264. doi: 10.1002/pmrj.12402

Lin, Z., Xue, X., Jiang, Y., You, Y., Wang, J., Zhan, Z., et al. (2019). Clinical practice guidelines for chinese medicine rehabilitation – stroke. J. Rehabilit. 29:5.

Liu, C., Hsieh, Y., Tseng, H., Lin, H., Lin, C., Wu, T., et al. (2016). Acupuncture for a first episode of acute ischaemic stroke: an observer-blinded randomised controlled pilot study. Acupunct. Med. 34, 349–355. doi: 10.1136/acupmed-2015-010825

Liu, F., Yu, K., Song, C., Liu, W., Jiang, Z., and Zhu, W. (2017). Effect of acupuncture for different stage of stroke on motor function: a systematic review and meta-analysis. J. Clin. Acupunct. Moxib. 33, 64–68.

Mang, C., Campbell, K., Ross, C., and Boyd, L. (2013). BDNF promoting neuroplasticity for motor rehabilitation after stroke: considering the effects of aerobic exercise and genetic variation on brain-derived neurotrophic factor. Phys. Ther. 93, 1707–1716. doi: 10.2522/ptj.20130053

Manning, L., Hirakawa, Y., Arima, H., Wang, X., Chalmers, J., Wang, J., et al. (2014). Blood pressure variability and outcome after acute intracerebral haemorrhage: a post-hoc analysis of INTERACT2, a randomised controlled trial. Lancet Neurol. 13, 364–373. doi: 10.1016/S1474-4422(14)70018-3

Pan, W., Banks, W., Fasold, M., Bluth, J., and Kastin, A. (1998). Transport of brain-derived neurotrophic factor across the blood–brain barrier. Neuropharmacology 37, 1553–1561. doi: 10.1016/S0028-3908(98)00141-5

Polacchini, A., Metelli, G., Francavilla, R., Baj, G., Florean, M., Mascaretti, L., et al. (2015). A method for reproducible measurements of serum BDNF: comparison of the performance of six commercial assays. Sci. Rep. 5:17989. doi: 10.1038/srep17989

Shi, X. (2005). Clinical study on 9005 cases of stroke disease treated by Xingnao-Kaiqiao acupuncture method. Chin. Med. Herald 2005, 3–5.

Xiong, J., Zhang, Z., Ma, Y., Li, Z., Zhou, F., Qiao, N., et al. (2020). The effect of combined scalp acupuncture and cognitive training in patients with stroke on cognitive and motor functions. NeuroRehabilitation 46, 75–82. doi: 10.3233/NRE-192942

Yu, Z., Tao, C., Xiao, A., Wu, C., Fu, M., Dong, W., et al. (2020). Yu Xuezhong, Tao Chuan Yuan, Xiao Anqi, Wu Cong: Chinese multidisciplinary guidelines for the management of hypertensive cerebral hemorrhage. Chin. Emer. Med. 40, 689–702.

Zhang, J., Lu, C., Wu, X., Nie, D., and Yu, H. (2021). Neuroplasticity of acupuncture for stroke: an evidence-based review of MRI. Neural. Plast. 2021:2662585. doi: 10.1155/2021/2662585

Zhang, J., Mu, X., Breker, D., Li, Y., Gao, Z., and Huang, Y. (2017). Atorvastatin treatment is associated with increased BDNF level and improved functional recovery after atherothrombotic stroke. Int. J. Neurosci. 127, 92–97. doi: 10.3109/00207454.2016.1146882

Zhang, T., Zhao, J., Bai, Y., Li, X., Qu, Y., Wang, B., et al. (2019). Chinese clinical management guidelines for cerebrovascular disease (abridged version) – Stroke rehabilitation management. Chinese J. Neurol. 14, 823–831. doi: 10.1136/svn-2019-000321


OPS/images/fnins-17-1167620-t001.jpg
Location Manipulation

Neiguan (PC06) On the forearm: 6.5 cm above the transverse wrist Vertical insertion at a depth of 10-15 mm applied with the twisting, lifting, and thrusting
palmaris, between the palmaris longus tendon and technique of the reducing method! for 1 min.

the radial carpal flexor tendon

Shuigou (GV26) On the face: median depression above the upperlip | Oblique insertion at a depth of 5-10 mm toward the nasal septum; heavy bird-pecking

needling? is applied until tear formation is observed in the patient’ eyes.

Sanyinjiao (SP06) On the crus: 10 cm directly above the tip of the Inserted obliquely along the inner edge of the tibia at an angle of 45° to the skin to a depth
medial malleolus, posterior to the medial border of | of 10-15 mm and applied with the twisting technique of the reinforcing method?; three
the tibia twitches of the lower limbs are considered appropriate.

Jiquan (HTO1) Apex of the armpit Insert vertically 15-20 mm next to the Jiuquan at a depth of 10-15 mm, using the twist, lift

and reducing method,* with three upper limb twitches as appropriate.

Weizhong (BL40) Midpoint of the transverse popliteal line Straight leg elevation of the affected limb, vertical insertion at a depth of 5-10 mm; applied
with the twisting, lifting, and reducing me hod?*; three twitches of the lower limbs are

considered appropriate.

Chize (LU05) Intersection of the radial recess of the biceps Elbow is bent at an angle of 120° and stabbed straight to a depth of 10-15 mm; applied
tendon with the transverse elbow stripe with the twisting, lifting, and reducing method*; three twitches of the forearm and fingers

are considered appropriate.

!The thumb, middle, and index fingers hold the needle handle and twist it back and forth in a forward and backward rotation, then release the needle handle, lift it slightly when it returns to
its natural position and then pierce it vertically.
2The needle handle is rotated 360 degrees and the needle is then lifted or inserted into the acupuncture point in small, rapid movements, similar to a sparrow pecking at rice.
3The needles are lifted slowly, but not completely out of the acupuncture point, and then inserted quickly and forcefully into the point.

4The needles are lifted quickly, but not completely withdrawn, and then slowly and gently inserted into the acupuncture point.
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CG (n=20) ICH patients(n=89)

A

Patients with no indication or
desire for acupuncture within
7 days of onset(n=6).

Y

t1: Collect blood and
assess GCS.

t1: Collect blood and
assess GCS.

Baseline collecting
and random grouping

AG recruited(n=40).

SAG recruited(n=43).

Acupuncture needle
Xingnao-Kaigiao without piercing
Acupuncture Method. electrode piece, rest
as left.
> Number of dropouts:

CG 8, AG 5, SAG 6.

14 interventions
completed.
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assess GCS.
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t3: Assessing mRS
and GCS.

Data entry, efficacy
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BDNF levels, n I, median (interquartile range)

AG 24.5 (17.8~30.2) 28.0 (26.2~37.1) 0.035
SAG 21.6 (13.8~31.2) 19.4 (15.0~26.3)* >0.05
CG 21.7 (17.3~24.3) 22.5(15.8~26.7)* >0.05

*BDNF change values (from t1 to t2) were statistically different from those of AG, p < 0.01.
BDNE, brain-derived neurotrophic factor.
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SAG (n = 37)

Female [1 (%)] 14 (40.0) 15 (40.5) 5(41.7) >0.05
Age, years, mean = standard deviation 5824 12.7 60.6 +11.2 60.8 + 6.8 >0.05
Cardiac disease [ (%)] 5(14.3) 3(8.1) 2(16.7) >0.05
Hypertension [# (%)] 29 (82.9) 29 (78.4) 3(25.0) 0.000
Diabetes [1 (%)] 6 (17.1) 4(10.8) 2(16.7) >0.05
Smoking [ (%)] 19 (54.3) 16 (43.2) 6 (50.0) >0.05
Drinking [ (%)] 15 (42.9) 16 (43.2) 5(41.7) >0.05
Time from symptom recognition to admission, hours, median 8.0 (5.0-3.0) 6.0 (4.0-17.0) / >0.05
(interquartile range)

Surgical treatment [N (%)] 23 (65.7) 26 (70.3) / >0.05
Systolic blood pressure at admission >180 mmHg [n (%)] 16 (45.7) 15 (40.5) 0(0.0)

Systolic blood pressure at admission 160-180 mmHg [ (%)] 5(14.3) 9(24.3) 2(16.7) 0.001
Systolic blood pressure at admission 140-159 mmHg [n (%)] 8(22.9) 5(13.5) 1(8.3)

Systolic blood pressure at admission <140 mmHg [n (%)] 6(17.1) 8(21.6) 9 (75)

Baseline BDNF levels, ng/mL, median (interquartile range) 24.5(17.8-30.2) 21.6 (13.8-31.2) 21.7 (17.3-24.3) >0.05
GCS score pre-intervention, median (interquartile range) 10.0 (8.0-11.5) 9.0 (7.0-12.0) / >0.05

BDNE, brain-derived neurotrophic factor.
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SAG (n = 37) P-value

Good outcome 18 (51.4) 9(24.3) 0.018*
(mRS < 2) [ (%)]

AGCS-E/4 (eye 0.3 (0.0~0.3) 0.0 (0.0~0.3) 0212
opening)

AGCS-V/5 (verbal 0.2 (0.2~0.5) 0.2 (0.0~0.4) 0.453
response)

AGCS-M/6 (motor 0.3 (0.2~0.5) 0.2 (0.0~0.3) 0.016
response)

*The P-value was obtained by Pearson x? test, x = 5.638.
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GCS, median (interquartile range) tl t2 t3 P-value
AG 10.0 (8.0~11.5) 12.0 (10.0~15.0)* 15.0 (13.0~15.0)* 0.000
SAG 9.0 (7.0~12.0) 11.0 (8.0~13.0)* 12.0 (10.0~15.0)* 0.000
P-value >0.05 0.04 0.01 /

*Statistically different compared to GCS at t1 within the group.

GCS, Glasgow Coma Scale.
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